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(54) Method and apparatus for automatically reading bar code symbols 



(57) Method and apparatus f6r automaticatly read- 
ing bar code symbols is disclosed. One aspect of the 
present invention concerns a method of reading bar 
code symbols using an automatic hand-holdable bar 
code symbol reading device. In general, the automatic 
bar code symbol reading device comprises a hand- 
"holdablehousing"containlngoperatfve~elements which- 
provide an object detection field and a scan field each 
defined external to the housing. The method Involves 
automatically detecting the presence of an object within 
the object detection field by sensing energy reflected off 
the object. In a preferred embodiment, the energy 
reflected off the object is IB radiation produced from an 
object sensing energy source disposed within the hous- 
ing, in automatk; response to the detection of the object 
within the object detection fieU. the hand-holdable 
device detects the presence of a bar code aligned by 
the user within the scan field using a laser beam pro- 
duced within the housing. Then, in automatic response 
to the detection of a t)ar code in the scan field, the auto- 
matic hand-holdable t>ar code symbol reading device 
reads the detected bar code in the scan field by produc- 
ing scan data signals from the detected bar code and 
thereafter collecting and analyzing the same. Another 
aspect of the present invention concerns a hand-hokJa- 
ble data collection device adapted for use with the auto- 
matic bar code symbol reading device to form a portable 



symbol reading system which is versatile and simple to 
use. 
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Description 

BACKGROUND OF THE INVENTION 

Reld of the Inverrtion 5 

The present invention relates generally to auto- 
matic code symbol reading (i.e. recognition) systems, 
and more particularly to an automatic code symbol 
reading system which permits fully automated operation io 
while providing a high degree of simplicity and versatility 
in its use. 

Brief Descri otion of the Prior Art 

15 

Hitherto, a number of techniques have been pro- 
posed for reading bar code symbols using hand-held 
devices. Despite variety amongst prior art 'bar code 
symbol reading devices, the various techniques incor- 
porated into prior art devices can be classified into two 20 
principally distinct classes, namely, manually operated 
or triggered bar code symbol reading, and automatic 
bar code symbol reading. 

Representative of prior art manually operated bar 
code symbol reading devices are U.S. Patent No. 2s 
4.387,297 to Swartz, et al., U.S. Patent No. 4.575.625 to 
Knowles, and U.S. Patent No. 4,845,349 to Cheny. 
While such prior art devices are capable of bar code 
symbol reading, they nevertheless suffer from several 
significant shortcomings and drawbacks. In particular, 30 
the user is required to manually pull a trigger or push a 
button each time symbol reading (i.e. scanning and 
)decoding is to be cyclically initiated and terminated. 
This requirement is most fatiguing on the user when 
large numbers of bar code symt)ols are to be read. Also. 3S 
in certain symbol reading applications, such as ware- 
house inventory, pulling the trigger to initiate scanning 
of bar code symbols may be extremely difficult for the 
user due to the physical location of the objects bearing 
the bar code synbols. 40 

An alternative to manually operated bar code sym- 
bol reading devices is automatic bar code symbol read- 
ers, which incorporate techniques for automatically 
initiating and terminating scanning and decoding opera- 
tions. Representative of prior art automatic bar code 4s 
symbol devices are U.S. Patent No. 4.639,606 to Boles, 
et al. and U.S. Patent No. 4,933,538 to Heiman et al. 
While capable of automatically initiating scanning of bar 
code symbols, such prior art devices and incorporated 
techniques nevertheless also suffer from significant so 
shortcomings and drawbacks. 

In particular, U S. Patent No. 4,639.606 to Boles, et 
al. disck)ses laser emission control circuitry for use in 
implementing a hand-held triggerless bar code scanner. 
The laser is operated in a pulsed "find paper" mode until 55 
a reflected signal is obtained, indicating the presence of 
an object (e.g., paper) in the search field. Thereupon, 
the circuitry is changed to a "search mode" in which the 



power of the laser is increased to above the safety limits 
for a period of time, and the return signal is monitored 
for signal transitions corresponding to tiie black bars of 
tile code. On detection of tiie first black bar, the circuitry 
is changed to an ^n-code" (i.e. decode) mode as long 
as successive symbols are received within a given 
period of time If the decode mode terminates witiiin a 
predetermined time interval (e.g., one second after tiie 
beginning of tiie search mode), then the search mode is 
re-entered, ottienwise tiie decode nrxxHe will change to 
find paper mode. 

While the triggerless bar code symbol reader pro- 
posed in U.S. Patent No. 4,639,606 possesses three 
modes of operation, this prior art bar code symbol 
reader nevertiieiess suffers from several significant 
shortcomings and drawbacks. In particular, tiiis prior art 
bar code symbol reader requires continuous use off a 
pulsed laser beam to deterifUne the presehce off an 
object within the scan field, whk;h, in hand-held portable 
battery power devices, undesirably drains limited power 
reserves, especially in extended time duration bar code 
reading applications. Also, tiiis prior art device, not 
knowing whetiier a bar code symbol is actually present 
in tiie scan field, requires commencement of decode 
processing upon detection of the first black bar. Unde- 
sirably, tiiis typically necessitates initializing a program- 
mable device, such as a microprocessor, for decoding 
scan data tiiat may likely contain no bar code symbol at 
all. Consequently, this characteristic of such prior art 
bar code symbol reading devices results in decreased 
responsiveness and versatility. 

U.S. Patent No. 4,933,538 discloses a bar code 
symbol reading system which, in the "object sensor 
mode", is triggerless and constantiy emits a laser beam 
at a narrow angle and k)w power. When an indicia pat- 
tern indicative of a bar code symbol has been detected, 
tiie laser beam is widened and its power increased, for 
reading tiie entire symbol. While this prior art bar code 
reading system permits detection of bar code symbols 
witiiin tiie scan field in order ttiat the power of tfie laser 
beam may be automatk^ily inaeased to a higher level 
for collecting scan data for use in decoding operations, 
this system also suffers from several signif k»nt short- 
comings and drawbacks. In particular, it requires contin- 
uous use of laser emission to determine the presence of 
both objects and bar code symbols wittiin the scan f iekl, 
which necessarily results in drain of limited power 
reserves in portable battery power applications. In addi- 
tion, the extensive use of a laser beam to perform object 
and bar code symbol detection functions implicates 
necessity for laser emisston control measures. 

In general, prior art automatic bar code symbol 
reading devices of the type described above, suffer from 
other shortcomings and drawbacks. For example, unlike 
manually operated devices which use a trigger to acti- 
vate trigger bar code symbol reading, pulled one for 
each bar code to be read, prior art automatic bar code 
symbol reading devices lack intelligence capabilities 
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necessary to prevent undesired multiple reading of a 
bar code synt>ol, particularly when the scanning beam 
is permitted to dwell on a bar code symbol for extended 
period of time. 

Further, prior art automatic bar code symbol read- s 
ing devices lack system control capabilities which per- 
mit diverse modes of operation and automatic reading 
of a plurality of consecutively different bar code sym- 
bols, while preventing misreads and inadvertent multi- 
ple reads of the same bar code symbol. io 

Thus, tiiere is a great need in the code symbol 
reading art for a fully automatic hand-holdable code 
symbol reading device which overcomes the above 
shortcomings and drawbacks of prior art devices and 
techniques. is 

Objects and Summary of the Invention 

Accordingly, it is a primary object of the present 
invention to provide a fully automatic hand-holdable bar so 
code symbol reading device capable of automatically 
reading one or more bar code symbols in a consecutive 
manner without the above-described shortcomings and 
drawbacks of prior art devices. 

Another object of the present invention is to provide 25 
such an automatic bar code symbol reading device 
which is capable of detecting an object bearing a bar 
code symbol in an object detection field using object 
sensing energy, and in response thereto, scanning a 
light beam across a scan field in order to detect the 30 
presence of a bar code symbol, and only thereafter pro- 
ceed to read the detected bar code symbol. 

A further object is to provide such an automatic bar 
code symbol reading device, in which the object detec- 
tion field spatially encompasses at least a portion of the as 
scan field along the operative scanning range of the 
devtee. 

A furtiier object of the present invention is to pro- 
vide an automatic hand-holdable bar code symbol read- 
ing device which is capable of collecting and detecting 40 
"reflected I R object sensing energy and laseTreturn light 
using common collection optics and signal processing 
circuitry. 

Another object of tiie present invention Is to provide 
a hand-holdable bar code symbol reading device which 4s 
is capable of distinguishing between a bar code symbol 
and a regular pattern of light and dark areas such as 
that formed by printed characters, and to only enable 
bar code symbol reading operations upon the detection 
of a bar code symbol in the scan field of the device. so 

An even further object of tiie present invention is to 
provkle an automatic bar code symbol reading device 
which prevents multiple reading of tiie same bar code 
symbol due to dwelling of scanning beam upon a bar 
code symbol for an extended period of time. ss 

A furtiier object of the present invention is to pro- 
vide a method of automatically reading a plurality of bar 
code symbols In a consecutive manner. 



A further object of tiie present invention to provkle 
an automatic hand-holdable bar code reading devtoe 
having long range and short range modes of object 
detection within its object detection field. Such modes of 
ot>iect detection can be eitiier manually selected by tiie 
user, or automatically selected when the hand-hoklable 
bar code reading device Is placed within a support 
stand designed for long-range object and bar code sym- 
bol detection and bar code symbol reading. 

A further object of the present invention is to pro- 
vide an automatic t>ar code reading device having long- 
range and short range (i.e. close-up) modes of bar code 
presence detection witiiln its scan field. TTie short range 
modes of bar code presence detection can be manually 
selected, or automatically selected upon decoding a 
predesignated bar code symbol which actuates a partic- 
ular mode of range selection. In short range bar code 
presence detection, the automatic bar code reading 
device not only detects the presence of a bar code 
within tiie scan fleU by analysis of collected scan data, 
but it furtiier processes the collected scan data to pro- 
duce digital count data representative of tiie measured 
time inten^al between bar and/or space transitions. Bar 
code symbols present within a particular range in the 
scan field will produce scan data having time interval 
characteristics falling within a prespedfied timing data 
range. Using the results of this analysis, only bar code 
symbols scanned within the short range field will be 
deemed "detected," and only bar code symbols 
detected within the short range of tiie scan flekJ can 
activate the decoding module of the device, and thus 
enable bar code reading. 

It is an object of the present invention to provide an 
automatic hand-holdable bar code reading device which 
has botii long and short range modes of object and bar 
code presence detection, separately or simultaneously 
selectable for various bar code symbol reading apprica- 
tions, such as for example, bar code "menu" reading, 
counter-top projection scanning, charge coupled device 
(CCD) scanner emulation, and the like. _ 

It is"a furthefobject of the pr^ent invention to pro- 
vide an automatic hand-holdable bar code symbol read- 
ing device having a control system which has a finite 
number states through which the device may pass dur- 
ing its automatic operation in response to diverse condi- 
tions detected within tiie object detection and scan 
fields of the device. 

It is a further object of the present invention to pro- 
vide a portable hand-holdable data collection device, to 
which the automatic bar code symbol reading device 
can be connected for supply of power and transmission 
and storage of symbol character data, collected during 
portable bar code symbol reading applications In, for 
example, retail, industrial and manufacturing environ- 
ments where freedom of bar code scanner movement 
and flexibility are important considerations. 

It is yet a further object of tiie present invention to 
provide a portable, fully automatic hand-hoMable bar 
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code reading system which is compact, simple to use 
and versatile. 

Yet a further object of the present invention is to 
provide an improved method of automatically reading 
bar code symbols. s 

These and further objects of the present invention 
will become apparent hereinafter and in the claims. 

Brief Description of the Drawings 

10 

For a fuller understanding of the objects of the 
present invention, the Detailed Description of the Illus- 
trated Embodiments will be taken in connection with the 
drawings, wherein: 

15 

FIG. 1 is a perspective view of an automatic hand- 
hoMable laser bar cede symbol reading device con- 
structed in accofdahce^^ttr the principliBs" of the 
present invention; 

FIG. 2 is a cross-sectional elevated side view along so 
the longitudinal extent of the automatic bar code 
symbol reading device of Fig. 1, showing various 
hardware and software components used in realiz- 
ing the first illustrative embodiment; 
FIG. 2A is a cross-sectional plan view along the Ion- 25 
gitudinal extent of the automatic bar code symt}ol 
reading device taken along line 2A-2A of Fig. 2, 
also showing the various components used In real- 
izing the first Illustrative embodiment; 
FIG. 3 Is an elevated side view of the bar code read- 3o 
ing device of the first embodiment of the present 
invention, illustrating the spatial relationship 
t>etween the object detection and scan fields of the 
device, and the long and short range of pro- 
grammed object detection and bar code presence ss 
detection of the first illustrative embodiment: 
FIG. 3A is a plan view of the automatic bar code 
reading device taken along line 3A-3A of FIG. 3. 
also illustrating the spatial relationship between the 
object detection and scan fields of the device and 4o 
the long and short ranges of object and bar code 
presence detection of the illustrative embodiment; 
FIG. 4 Is block functional system diagram of tiie 
automatk: bar code symk)ol reading device of the 
first embodiment of the present Invention, lllustrat- 45 
ing the principal components of the device inte- 
grated with the control system tiiereof ; 
FIG. 5 is a block functional diagram of a first 
embodiment of the object detection means of the 
automatic bar code symbol reading device of the so 
present invention; 

FIG. 6 is a block functional diagram of a second 
embodiment of the object detection means of the 
present Invention; 

FIG. 7A through 7C show the automatic bar code 55 
reading device being used in two different nrxxjes of 
programmed object and bar code presence detec- 
tion; 



FIGS. 8A and 8B, taken together, show a high level 
flow chart of a system control program (i.e. Main 
System Control Routine No. 1), illustrating various 
courses of programmed system operation tiiat the 
automatic bar code symbol reading device of the 
illustrative embodiment may undergo; 
FIGS. 9A and 9B, taken togetiier, is a high level flow 
chart of another system control program (i.e. Sys- 
tem Control Routine with Object Detection and 
Scan Range Selection), which provides the auto- 
matic bar code symbol reading device of the 
present invention with several selectable modes of 
object and bar code presence detection for use dur- 
ing various applications, such as bar coded menu 
reading, automatic CCD scanner emulation, stand 
supported scanning and tiie like; 
FIG. 10 is an elevated side view of the automatic 
bar code reading device of tiie secoriTembodimenit 
of the present invention, illustrating tiie spatial rela- 
tionship between tiie object det^on and scan 
fields of tiie device, and also the long and short 
ranges of programmed ok^ect and bar code pres- 
ence detection; 

FIG. 1 0A is a partially cut away plan view of ttie 
automatic bar code reading device of FIG. 9, show- 
ing various operative conponents tiiereof ; 
FIG. IOC is a partially cut away plan view of an 
alternative embodiment of tiie automatic bar code 
symbol reading device of the second illustrative 
embodiment showing the layout of the optical signal 
processing system in which botii laser return light 
and IR return energy are collected tiirough com- 
mon optics witiiln tiie hand-holdable housing, and 
detected using a single photoreceiver and common 
signal processing circuitry 
FIG. 11 is a block functional system diagram of tiie 
automatic hand-holdable bar code reading device 
of the second illustrative embodiment of the present 
invention; 

FIGS. 12A and 12B. taken together, show a high 
level flow chart of a system cont'd program (i.e. 
Main System Control Routine No. 2), illustrating 
various courses of automatic pro^p^ammed system 
operation that the automatic bar code symbol read- 
ing device of second illustrative embodiment may 
undergo; 

FIG. 13 is a state diagram illustrating the various 
states that the automatic bar code symbol reading 
devices of tiie illustrative embodiments may 
undergo during tiie course of their operation; 
FIG. 14 is a perspective view of the portable hand- 
holdable data collection device of tiie present 
invention shown in FIG. 1 ; 
FIG. 14A is an elevated side view of the data collec- 
tion and storage device of the present invention, 
taken along line 14B-14B of FIG. 14; 
FIG. 14B is an elevated rear view of the data collec- 
tion and storage device of the present invention, 
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taken along line 14B-14B of FIG. 14: 
FIG. 15 Is a block functional system diagram of the 
data collection device of the present invention, 
showing the system components integrated about 
its system controller; and 

FIQS. 16A and 16B. taken together, show a flow 
chart of a system oontrol program for the data col- 
lection device of the present invention illustrating 
various operational states that the data collection 
and storage device may undergo during its pro- 
grammed operation, and indicating various opera- 
tor prompts displayed on its visual display during 
various modes of use. 

Detailed Descriotion of the Illustrated Embodiments 

In Fig: 1 . the portable automatic hand-hoidable bar 
code symbol reading system of the present invention, is 
illustrated. As shown, automatic bar code symbol read- 
ing system 1 comprises an automatic hand-holdable bar 
code symbol reading device 2 operably associated with 
hand-hoklable data collection device 3 of the present 
invention. Operable interconnection of bar code symbol 
reading device 2 and data collection device 3 Is 
achieved by a flexible multiwtre connector cord 4 
extending from bar code symbol device 2 and plugged 
directly into the data-input communications port of the 
data collection device 3. A detailed description of the 
structure, functk)ns and operation of the data collection 
device hereof will be provided hereinafter referring to 
Rgs. 14 through 168. Attention will first be accorded, 
however, to the various illustrative embodiments of the 
automatic bar code symbol reading device of the inven- 
tion. The first illustrative embodiment will be described 
by referring to Figs. 1 through 9. and then the second 
illustrative embodiment will be described with reference 
to Figs. 1 and 10 through 13. 

Referring now to Fig. 1 through 3A, automatic bar 
code symbol reading deyrice 2 of the first Illustrative 
^embodiment Js_shpwn to cpmpriseji^ 
hand-holdable housing 5 which has a head portion 5A 
that continuously extends into a contoured handle por- 
tion 58 at an obtuse deflection angle a which can be in 
the range of 150 to about 170 degrees, in a preferred 
embodiment, deflection angle a is about 160 degrees. 
This ergonomic housing design is sculpted (i e. form-fit- 
ted) to the hand, making scanning as easy and effort- 
less as a wave of the hand, while eliminating risks of 
musculoskeletal disorders, such as carpal tunnel syn- 
drome, which can result from repeated biomechanical 
stress commonly associated with pointing prior art gun- 
shaped scanners at a bar code, squeezing the trigger to 
activate tiie scanning beam, and then releasing the trig- 
ger. 

As illustrated in Rgs. 1 through 3A, the head por- 
tion of housing 5 has a transmission aperture 6 formed 
in upper portion of front panel 7, to permit desired opti- 
cal radiation to exit and enter the housing, as will be 



described in detail hereinafter. The lower portion of front 
panel 78 is optically opaque, as are all other surfaces of 
the hand-holdable housing. 

As illustrated in Figs. 1 , 3 and 3A in particular, auto- 

5 matic bar code reading device 2 generates two different 
fields extemal to the hand-hokiable housing, in order to 
cany out automatic bar code symbol reading according 
to tiie principles of the present invention. Specifically, an 
object detection field, indicated by broken and dotted 

10 lines, is provided externally to tiie housing for detecting 
energy reflected off an object bearing a bar code, 
located witiiin the object detection field. A scan field, on 
the otiier hand, having at least one scanning plane of 
essentially planar ^ent, is provided extemal to the 

IS housing fbr scanning an object present within tiie scan 
field. Such scanning is achieved with a light beam so 
that scan data can be collected for detecting the pres- 
ence of a bar code^within tiie scan field, and subse- 
quently reading (i.e. scanning and decoding) the 

20 detected bar code symbol. 

In general, the energy reflected of an object in the 
object detection field can be optical radiation or acousti- 
cal energy, either sensible or non-sensible by the oper- 
ator, and may be either generated by an external 

25 ambient source, or from the automatic bar code symbol 
reading device itself. In tiie illusti'ative embodiments, 
this energy is a beam of infrared light projected for- 
wardly from fransmission aperture 6 in a spatially 
directed fashion, preferably essentially parallel to the 

30 longitudinal axis 9 of the head portion of the housing. In 
a pretended embodiment the okject detection f iekJ has a 
three-dimensional volumetric expanse spatially coinci- 
dent with the transmitted infrared light beam. This 
ensures tiiat an object within the object detection field 

35 will be illuminated by the infrared light beam and tiiat 
infrared light reflected therefrom will be directed gener- 
ally towards the transmission aperture of the housing 
where it can be detected, to indicate tiiat an object is 
within the object detection field, beam and tiiat infrared 

40 li ght reflected ti ierefr om will be direc ted- generally 
towards the transmission aperture^ tiie houslngwhere 
it can be detected, to indicate that an object is witiiin the 
object detection field. 

In order to scan a bar code symtK)l on the object 

45 within the object detection field, a light beam is automat- 
ically generated within the head portion of tiie housing 
and repeatedly scanned through the ti-ansmission aper- 
ture across tiie scan field. As illustrated in Fig. 1 , at least 
a portion of tiie scanned light beam aligned with bar 

50 code on ttie detected object, will be reflected off tiie bar 
code and directed back towards and through tiie titans- 
mission aperture for collection, detection and subse- 
quent processing in a manner which will be described in 
detail herefnafter. To ensure that the bar code symbol 

55 on tiie detected object is easily scanned by ttie scan- 
ning light beam, tiie object detection field is designed to 
spatially encompass at least a portion of ttie scan field 
along the operative scanning range of tiie device, as 
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illustrated in Figs. 3 and 3A. 

To more fully appreciate the mechanisms employed 
in providing the object detection and scan fields of bar 
code symbol reading device 2, reference is best made 
to the operative elenftents within the hand-holdable s 
housing. 

As shown in Fig. 4, bar code symbol reading device 
of the first illustrated embodiment comprises a number 
of system components, namely, an object detection cir- 
cuit 10, scanning means 11, photoreceiving circuit 12. io 
analog-to-digital (A/D) conversion circuit 13. bar code 
presence detection module 14, bar code scan range 
detection module 15. symbol decoding module 16. data 
fbrnnat conversion nxxlule 17, symbol character data 
storage unit 18, and data transmission circuit 19. In is 
addition, a magnetic field sensing circuit 20 is provided 
for detecting housing support-stand; -while a manual 
switch 21 is provided for selecting long o^ffbrt range ^ - 
modes of object and bar code presence detection. As 
illustrated, these components are operably associated 20 
witii a programmable system controller 22 

In the illustrated embodiment, system controller 22, 
bar code presence detection module 14, bar code scan 
range detection module 15, symbol decoding module 
1 6, and data format conversion module 1 7 are realized 25 
using a single programmat}le device, such as a micro- 
processor having accessible program and buffer mem- 
ory, and external timing means. It Is understood, 
however, tiiat any of tiiese elements can be realized 
using separate discrete components as will be apparent 30 
to those skilled in the art. 

Automatic bar code symbol reading device 2 also 
includes power receiving lines 23 which lead to conven- 
tional power distribution circuitry (not shown) for provid- 
ing requisite power to each of the system components, 3S 
when and for time prescribed by tiie system controller. 
As illusta'ated, power receiving lines 23 are provided 
within the encasing of flexible connector cord 4, run 
alongside data communication lines 24 of the device, 
and are thus physically associated with a multi-pin con- 40 
nector plug 25 at the end of the flexible connector cord. 
An on/off power switch or functionally equivalent device 
may be provided external the hand-holdable housing to 
permit the user to energize and deenergize the device, 
in the first illustrative embodiment, power delivered 4s 
through the connector cord to the bar code symbol 
reading device is continuously provided to system con- 
troller 22 and object detection circuit 10 to continuously 
enable their operation, while only biasing voltages and 
the like are provided to all other system components. In so 
this way, each remaining system component is initially 
deactivated (i.a disabled) from operation and must be 
activated (i.e. enabled) by tiie system controller. 

In accordance witii tiie present invention, tiie pur- 
pose of the object detection circuit is to determine (i.e., 55 
detect) the presence of an object (e.g., product, docu- 
ment, etc.) within the object detection field of bar code 
symbol reading device 2, and in response tiiereto. auto- 



matically produce first control activation signal A^ In 
turn, first detect) the presence of an object (e.g., prod- 
uct, document, etc.) witiiin the object detection field of 
bar code symbol reading device 2. and in response 
tiiereto, automatically produce first confrol activation 
signal A^. In turn, first confrol activation signal A^ is pro- 
vided as input to the system controller which, as will be 
described in greater detail hereinafter, causes the 
device to undergo a transition to tiie bar code symbol 
presence detection state. In Figs. 5A and 5B. two differ- 
ent approaches to detecting the presence of an object 
within tiie object detection field are disclosed. 

In Fig. 5, an "active" object detection circuit 10A is 
shown. In essence, tiiis circuit operates by transmitting 
an infrared (IR) light signal fbrwardly into tiie object 
detection field. First conti-ol activation signal A^ is gen- 
erated upon receiving a reflection of tiie transnrtitted sig- 
nal off an object witiiin the object detection fieW.'^As 
illustrated, object detection circuit 10A is realized as an 
IR sensing circuit which comprises a synchronous 
receiver/transmitter 27 and an infrared LED 28 ttiat gen- 
erates a 940 nanometer pulsed signal at a rate of 2.0 
KHZ. This pulsed IR signal is transmitted tiirough focus- 
ing lens 29 to illuminate the object detection field. When 
an object is present witiiin tiie object detection field, a 
reflected pulse signal Is produced and focussed tiirough 
focusing lens 30 onto photodiode 31. Notably, the light 
collecting (i.e. opticaQ characteristics of focusing lens 
30 and aperture will essentially determine the geomet- 
ric characteristics of tiie object detection field. Conse- 
quentiy, the optical characteristics of lens 30 and 
aperture will be selected to provide an object detection 
field which spatially encompasses at least a portion of 
tiie scanning field along tiie operative scanning range of ' 
tiie device. The output of photodiode 31 is converted to 
a voltage by cun^ent-to-voltage amplifier 32, and tiie out- 
put ttiereof is provided as input to synchronous 
receiver/b-ansmitter 27 which to synchronously com- 
pares ttie received signal with the transmitted signal 
and determines if an object is present in the object 
detection field. If so, then synchronous receiver/bans- 
mitter 27 produces first conta-oi activation signal Ai^l, 
indicative of such condition. Upon generation of first 
control activation signal A^^l, tiie system controller will 
activate the operation of scanning means 11, photore- 
ceiving circuit 12, A/D conversion circuit 13 and l>ar 
code presence detection module 14 according to a pre- 
programmed system control routine, tiie details of which 
will be described hereinafter. 

In Fig. 6. a passive ot^ect detection drcuit 10B is 
shown. In essence this circuit operates by passively 
detecting ambient light within the object detection f iekJ. 
First control activation signal A^ is generated upon 
receiving light of different intensity reflected off an 
object witiiin the object detection field. As illusta'ated 
object detection circuit 10B is realized as a passive 
ambient light detection circuit which comprises a pair of 
photodiodes 35 and 36, tiiat sense ambient light gath- 
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ered from two spatially overlapping parts of the object 
detection field using focussing lenses 37 and 38, 
respectively. Notably, tiie optical characteristics of 
focusing lenses 37 and 38 will essentially determine the 
geometric characteristics of the object detection field. 5 
Consequentiy, the optical characteristics of these 
lenses will be selected to provide an object detection 
field which spatially encompasses at least a portion of 
the scanning field along the operative scanning range of 
the device. The output signals of photodiodes 35 and 36 10 
are converted to voltages by current-to-voitage amplifi- 
ers 39 and 40 respectively, and are provided as input to 
a differential anplifier 41. The output of differential 
amplifier 41 is provided as input to a sample and hold 
amplifier 42 in order to reject 60 and 1 20 Hz noise. Out- 15 
put signal of amplifier 42 is provided as input to a loga- 
rithmic arnplif ier, ^ . to compand signal swing. The 
output signal of logarjthmic amplifier 43 is provided as 
input to a differentiator 44 and then to a comparator 45. 
The output of comparator 45 provides first control acti- 20 
vation signal 

Alternatively, automatic bar code symbol reading 
device hereof can be readily adapted to sense ultra- 
sonic energy reflected off an object present witiiin the 
object detection field. In such an alternative embodi- 25 
ment, object detection circuit 10 is realized as an ultra- 
sonic energy sensing mechanism. In housing 5, 
ultrasonic energy is generated and transmitted Ibr- 
wardly of the housing head portion into the object detec- 
tion field. Then, ultrasonic energy reflected off an object so 
within the object detection field is detected closely adja- 
cent tiie ti^ansmission window using an ultrasonic 
energy detector. Preferably, a focusing element is dis- 
posed in front of the detector in order to effectively max- 
imize collection of reflected ultrasonic energy In such 3S 
instances, the focusing element will essentially deter- 
mine the geometrical characteristics of the object detec- 
tion field of tile device. Consequentiy. as with the other 
above-described object detection circuits, the energy 
_focusing_(i.e..collecting) characteristics, ofjhe focusing_ 40 
element will be selected to provide an object detection 
field which spatially encompasses at least a portion of 
the scan field. 

For purposes of illustration, object detection circuit 
10A shown in Rg. 5. is provided with two different 45 
modes of operation, namely, a long range mode of 
object detection and a short range mode of object 
detection. As shown in Fig. 4, tiiese modes are set by 
the system conti'dler using mode enable signals £m= 
0 and E|RT= 1 , respectively When induced into the long so 
range mode of operation, the IR sensing circuit (i.e. 
object detection means) will generate first control acti- 
vation signal A^sl whenever an object within the object 
detection field has been detected, despite the particular 
distance tiie object is located from tiie transmission ss 
aperture. When induced into the short range mode 
operation, the IR sensing circuit will generate first acti- 
vation control signal A^^l only when an object is 



detected at a distance within tiie short range of tiie 
object 3 and 3A. In the preferred embodiment, the short 
range specification for ot;>ject detection is preselected to 
be the reduced range of sensitivity provided by tiie I R 
sensing circuit when mode enable signal E|pi7=1 is pro- 
vided to the desensitization port of receiver/transmitter 
27 in Fig. 5. In an illustrated embodiment, the short 
range of object detection is about 0 to about 3 inches or 
so, as schematically indicated in Figs. 3 and 3A, to pro- 
vide CCD-like scanner emulation. As will become 
apparent hereinafter, the inherentiy limited deptii of field 
and width of field associated with the short range mode 
of object detection prevents, in essence, the scanning 
means 1 1 from flooding the scan field with scanning 
light and inadvertently detecting undesired bar code 
symbols. The particular uses to which object detection 
range selection can be put, will bie described in greater 
detail hereinafter witii reference tp.Fig. 9 in particular. 

As illustrated in Fig. 4. scanning means 11 com- 
prises a light source 47 which, in general, may be any 
source of intense light suitably selected for maximizing 
the reflectively from the object's surface bearing tiie bar 
code symbol. In the illustrative embodiment, light 
source 47 comprises a solid-state visible laser diode 
(VLD) which is driven by a conventional driver circuit 48. 
In tiie illustrative embodiment, the wavelength of laser 
light produced from laser diode 47 is about 670 nanom- 
eters. In order to scan the laser beam output from laser 
diode 47 over a scan field having a predetermined spa- 
tial extent in front of tiie head portion of the housing, a 
planar scanning mirror 49 can be oscillated back and 
fortii by a stepper motor 50 driven by a conventional 
driver circuit 51 , as shown. However, one of a variety of 
conventional scanning mechanisms may be alterna- 
tively used with excellent results. 

To selectively activate laser light source 47 and 
scanning motor 50, the system controller provides laser 
diode enable signal E^, and scanning motor enable sig- 
nal E|y/| as input to driver circuits 48 and 51 , respectively 
.When 

To selectively activate laser light source 47 and 
scanning motor 50, tiie system controller provides laser 
diode enable signal E^ and scanning motor enable sig- 
nal E|^ as input to driver circuits 48 and 51 , respectively 
When enable signal E^ is a logical "high" level (i e*. 
El=1), a laser beam is generated, and when E^ is a log- 
ical high level the laser beam is scanned through the 
transmission aperture and across tiie scan field. 

When an object such as product bearing a bar code 
symbol, is within the scan field at the time of scanning, 
tiie laser beam incident tiiereon will be reflected. This 
will produce a laser light return signal of variable inten- 
sity which represents a spatial variation of light reflectiv- 
ity characteristic of the spaced apart pattern of t>ars 
comprising the bar code symbol. Photoreceiving circuit 
12 is provided for the purpose of detecting at least a 
portion of laser light of variable intensity, which is 
reflected off tiie object and bar code symbol within tiie 
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scan field. Upon detection of this scan data signal, pho- 
toreceiving circuit 12 produces an analog scan data sig- 
nal D-t indicative of the detected light intensity. 

In the illustrated embodiments, photoreceiving cir- 
cuit 12 generally comprises scan data collection optics s 

53. which focus optical scan data signals for subse- 
quent detection by a photoreceiver 54 having, niounted 
in front of its sensor, a frequency selective filter 150 
which only transmits optical radiation of wavelengths up 

to a small band above 670 nanometers. Photoreceiver io 

54, in turn, produces an analog signal which is subse- 
quentiy amplified by preamplifier 55 to produce analog 
scan data signal Di. In combination, scanning means 
1 1 and photoreceiving drcuit 12 cooperate to generate 
scan data signals from the scan field, over time intervals is 
specified by the system controller. As will illustrated 
hereinafter, these scan data signals areHJsed*by?bar . 

^code presence detection module 14. bar^^^e^^o^p^- 
range detection module 15 and symbol decoding mod- 
ule 16. 20 

As Illustrated in Fig. 4. analog scan data signal 
is provided as input to A/D conversion circuit 13. As is 
well known In tiie art, A/D conversion circuit 13 proc- 
esses analog scan data signal to provide a digital 
scan data signal which resembles, in form, a pulse 2S 
width modulated signal, where logical "1" signal levels 
represent spaces of the scanned bar code and logical 
"0" signal levels represent bars of the scanned bar 
code. A/D conversion circuit 13 can be realized by any 
conventional A/D chip. Digitized scan data signal Dg is so 
provided as input to bar code presence detection mod- 
ule 14, bar code scan range detection module 15 and 
symbol decoding module 16. 

The purpose and function of bar code presence 
detection module 1 4 is to determine whetfier a bar code 3S 
is present in or absent from the scan field over time 
intervals specified by the system controller. When a bar 
code symbol is detected in tiie scan field, the bar code 
presence detection module 14 automatically generates 
second control activation signal A2 (i.e., A2=1) which is 40 
provided as input to the system controller, as shown in 
Fig. 4. Preferably, bar code presence detection module 
1 4 is realized as a microcode program carried out by the 
nrncroprocessor and associated program and buffer 
memory, described hereinbefore. The function of the 45 
bar code presence detection module is not to carry out 
a decoding process but rather to simply and rapidly 
determine whether tiie received scan data signals pro- 
duc d during bar code presence detection, represent a 
bar code symbol residing witiiin tiie scan field. There so 
are many ways in which to achieve tiiis ttirough a pro- 
gramming implementation. 

In the preferred embodiment, the aim of bar code 
presence detection module 14 is to simply detect a bar 
code symbol "envelope". This Is achieved by first ss 
processing a digital scan data signal D2 so as to pro- 
duce digitized "count" data and digital "sign" data. The 
digital count data is representative of tiie measured time 



interval (i.e. duration) of each signal level between 
detected signal level transitions which occur in digitized 
scan data signal D2. The digital sign data, on tiie oflier 
hand, indicates whether tiie signal level between 
detected signal level transitions is eltiier a logical "1". 
representative of a space, or a logical "0", representa- 
tive of a bar witiiin a bar code symbol. Using tfie digital 
count and sign data, the bar code presence detection 
module tiien determines in a straightforward manner 
whether or not tiie envelope of a bar code symbol is rep- 
resented by the collected scan data. 

When a bar code symbol envelope is detected, tiie 
bar code symbol presence detection module provides 
second control activation signal A2=1 to the system con- 
troller. As will be described in greater detail hereinafter, 
second control activation signal A2=1 causes the device 
to undergo a transition from the bar code presence 
detection state to bar code symbol reading state. 

Similar to tiie object detection circuit described 
above, tiie bar code presence detection module is pro- 
vided witii two different modes of operation, namely, a 
long range mode of bar code presence detection and a 
short range mode of bar code presence detection. As 
shown in Fig. 4, tiiese modes are set by the system con- 
frdler using mode select enable signals E|Fn'=0 and 
E|p^==1 . respectively. When induced Into tiie fong range 
mode of operation, tiie bar code presence detection 
module will generate second confrol activation signal 
A2a1 whenever tiie envelope of a bar code symbol has 
been detected, despite the particular distance the bar 
code is from the transmission aperture. When induced 
into tiie short range mode of operation, tiie bar code 
presence detection module will generate second control 
activation signal A2=1 when the envelope of a bar code 
symbol has been detected and only rf tiie associated 
count (i.e. timing) data indicates tiiat the detected bar 
code resides within the short range predetermined for 
bar code presence detection. Notably, similar to long 
range specification in connection with object detection, 
long range specification for bar code presence detec- 
tion is preselected to be tiie entire operative scanning 
range available to tiie de\^ice. In an illust-ated embodi- 
ment, tills range can be from about 0 to about 10 inches 
from the transmission aperture, depending on the optics 
employed in the scanning means. Tliis range is sche- 
matically indicated in Figs. 3 and 3A. In the preferred 
embodiment, short range specification for bar code 
presence detection is preselected to be tiie same range 
selected for short range object detection (e.g. approxi- 
mately 0 to about 3 inches from tiie ta^ansmission aper- 
ture), as indicated in Figs. 3 and 3A. As will become 
apparent hereinafter, the inherentiy limited deptii of field 
and width of field associated witii the short range mode 
of bar code symtx)! detection prevents scanning means 
1 1 and bar code symbol detection module 1 4 from actu- 
ating tiie reading of undesired bar code symbols In the 
scan field. 

Unlike the bar code symbol presence detection 
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module, the purpose and function of ttie t>ar code scan 
range detection module is not to detect the presence of 
a bar code symbol in the scan field, but rather to deter- 
mine the range that a detected bar code symbol resides 
from the transmission aperture of the bar code symbol 5 
reading device. This data processing module operates 
upon digitized scan data signal D2 collected from a bar 
code symbol which has been previously detected by the 
bar code symbol presence detection module. 

In the prefen-ed embodiment, bar code scan range 10 
detection module 15 analyzes digital count data pro- 
duced by the bar code presence detection module, and 
determines at what range (i.e. distance) a detected bar 
code symbol resides from the transmission aperture. 
This determination then permits the scan range detec- is 
tlon module to determine whether the detected bar code 
symbol is located withjn.the prja^pecified long or short 
range of the scan field, as mea^i^ from the transmis- 
sion aperture. As will be explained hereinafter in greater 
detail, this information is used by the bar code presence 20 
detection module (I.e. when induced into its short range 
mode of operation), to determine whetiier second con- 
trol activation signal A2-I should be provided to the sys- 
tem controller. Upon the occurrence of tiiis event, the 
bar code symtx)! reading device is caused to undergo a 25 
transition from tiie bar code symbol presence detection 
state to the bar code symbol reading state. 

The function of symbol decoding module 16 is to 
process, scan line by scan line, the stream of digitized 
scan data D2, in an attempt to decode a valid bar code 30 
symtx)l within a predetermined time period allowed by 
the system controller. When tiie symbol decoding mod- 
ule successfully decodes a bar code symbol within the 
predetermined time period, symbol character data D3 
(typically in ASCI I code format) is produced correspond- 35 
ing to the decoded bar code symbol. Thereupon a third 
control activation signal A3 is automatically produced by 
the symbol decoding module and is provided to the sys- 
tem controller in order to perform its system control 
functions. j 40 

As will be illustrated hereinafter with reference to 
Figs. 8A to 86', the system controller generates and 
provides enable signals Epc. Eqs and Eqt to data for- 
mat conversion module 17, data storage unit 18 and 
data transmission circuit 19, respectively, at particular 4s 
stages of its control program. As illustrated, symbol 
decoding module 16 provides symbol character data D3 
to data format module 1 7 to convert data D3 into two dif- 
ferentiy formatted types of symbol character data, 
namely D4 and D5. Format-converted symtwl character so 
data D4 is of tiie "packed data" format, particularly 
adapted for efficient storage in data storage unit 18. For- 
mat-converted symbol character data D5 is particularly 
adapted for data transmission to data collection and 
storage device 3. or a host device such as. a computer 55 
or electronic cash register. When symbol character data 
D4 is to be converted into the format of the user's choice 
(based on a selected option mode), the system control- 



ler will generate and provide enable signal Bqq to data 
storage unit 18, as shown in Fig. 4. Similarly, when for- 
mat converted data D5 is to be transmitted to a host 
device, the system controller will generate and provide 
enable signal Ept to data transmission circuit 19. 
Thereupon, data fransmission circuit 19 ti-ansmits for- 
mat-converted symbol character data D5 to data collec- 
tion device 3, via the data transmission lines of flexible 
connector cable 4. 

In order to select either tiie long or short range 
mode of object (and/or bar code symbol presence 
detection), bar code symbol reading device 2 is pro- 
vided with both manual and automated mechanisms for 
effectuating such selections. 

In the manual mechanism, a manual switch (e.g. 
step button) 21 is mounted onto tiie top surface of the 
handle portion of tiie housing, so that long and short . 
range modes of object detection can be simpiy.selected 
by depressing tiiis switch with ones thumb while han- 
dling tiie bar code reading device. The SNjtch generates 
and provides mode activation signal A4 to tiie system 
controller, which in turn generates the appropriate mode 
enable signal Eipn-. 

In the automated mechanism, housing support 
stand detection means 20, realized as a magnetic field 
sensing circuit, is operably associated witii the system 
controller to automatically generate mode activation sig- 
nal A4, when tiie hand-holdable housing is not, for 
example, being supported witfiln a housing support 
stand 57 which bears a permanent magnetic 58 dis- 
posed in proximity with the housing support surfaces 
59A and 59B, illustrated in Figs. 7A through 7C. Prefer- 
ably, a visual indicator light is provided to the housing to 
visually indicate the particular mode which has been 
manually or automatically selected. 

In general, magnetic sensing circuit 20 comprises a 
magnetic flux detector 60, a preamplifier and a thresh- 
old detection circuit. Magnetic flux detector 60 produces 
as output an electrical signal representative of the inten- 
sit y of d ete cted ma gnetic flux density in its p roxim ity. 
When housing 5 is placed in housing support stand 57, 
as shown in Fig. 7A, magnetic flux detector 60 will be in 
position to detect flux from permanent magnet 58. The 
produced electrical signal is amplified by the preampli- 
fier whose output is compared to a predetermined 
threshold maintained in ttie tiireshold detector circuit. If 
the intensity of the detected magnetic flux exceeds the 
threshold, long-range mode activation signal A4=1 is 
provided to the system controller. 

As illustrated in Fig. 2. magnetic flux detector 60 is 
mounted to the reanvard underside surface of the han- 
dle portion of the housing. In this illustrated embodi- 
ment, a fenrous bar 61 is interiorly mounted to the 
underside surface of tiie housing handle portion as 
shown. This an^angement facilitates releasable mag- 
netic attachment of tiie hand-holdable housing to mag- 
netic bar 58 fixedly installed in housing support stand 
57. Preferably, a hole 62 is drilled through ferrous bar 61 
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to permit installation of magnetic flux detector 60 so that 
magnetic flux emanating from magnetic bar 58 is 
detectable when the housing Is positioned within hous- 
ing support stand 57, as shown in Fig. 7A. In this config- 
uration, magnetic flux detector 60 Is in proximity with 5 
magnetic bar 58 and long range mode activation signal 
A4=1 is produced and provided to the system controller. 
In response, the system controller enables long range 
object detection (i.e. E|qT=0) when the hand-holdable 
housing is removed from the housing support stand 57 ro 
as shown in Fig. 7B, the magnetic flux from magnetic 
bar 58 is no longer sufficient in strength to produce long 
range mode activation signal A^^'i ; instead, short range 
mode activation signal A4=0 Is produced and provided 
to the system controller. In response, the system con- 15 
troller enables short range object detection (i.e. 
Eim-*!). as illustrated in Fig. 7C. ^^*-is*- 
It is understood that there are a variety of ways in^ ^ 
which to configure the above described system cornpo- 
nents within the housing of the automatic bar code sym- 20 
bol reading device, while successfully carrying out of 
functions of the within the head portion of the housing. 
A stationary concave mirror 53 is mounted centrally at 
the front end of drcurt board 63, primarily for collecting 
laser light. Notably, the height of concave mirror 53 is 2S 
such not to block transmission aperture 6. Mounted off 
center onto the surface of concave mirror 53. is very 
small second minror 64 for directing the laser beam to 
planar mirror 49 which is connected to the motor shaft of 
a scanning motor 50, for joint oscillatory movement 30 
therewith. As shown, scanning motor 50 Is mounted 
centrally at the rear end of circuit board 63. In the oppo- 
site rear comer of circuit board 63. photodetector 54 is 
mounted. 

In operation, laser diode 47 adjacent the rear of the 3S 
head portion, produces and directs a laser beam in a 
fbnivard direction to the small stationary mirror 64 and is 
reflected back to oscillating mirror 49. Oscillating mirror 
49 scans the laser beam over the scan field. The return- 
ing light beam, reflected from the bar code. Is directed 40 
back to oscillating mirror 49, which also acts as a col- 
lecting mirror. This oscillating mirror then directs the 
beam to stationary concave mirror 53 at tiie fonvard end 
of the housing head portion. The beam reflected from 
the concave mirror 53 is directed to photodetector 54 to 4s 
produce an electrical signal representative of tiie inten- 
sity of tiie reflected light. 

In front of stationary concave mirror 53, IR LED 28 
and photodiode 31 are mounted to circuit board 63. in a 
slightly offset manner from longitudinal axis 9 of the so 
head portion of the housing. Apertures 65 and 66 are 
formed in opaque portion 7B of the housing below the 
transmission aperture, to permit transmission and 
reception of IR type object sensing energy, as hereinbe- 
fbre described. In order to shietel IR radiation from ss 
impinging on photodiode 31 via tiie housing, a metallic 
optical tube 67 having an aperture 68 encases photodi- 
ode 31 . By selecting the size of aperture, the placement 



of photodiode 31 witiiin optical tube 67 and/or the radia- 
tion response characteristics of the photodiode. shield 
IR radiation from inrpinging on photodiode 31 via the 
housing, a metallic q3tical tube 67 having an aperture 
68 encases photodiode 31. By selecting tiie size of 
aperture, tiie placement of photodiode 31 within optical 
tube 67 and/or the radiation response characteristics of 
tiie photodiode. desired geometric characteristics for 
tiie object detection fieki can be achieved, as described 
hereinbefore. To prevent optical radiation slightiy below 
670 nanometers from entering tiie transmission aper> 
ture 6, a plastic filter lens 69 Is installed over tiie trans- 
mission aperture for transmitting only optical radiation 
from slightiy below 670 nanometers. Notably, in tiiis way 
tiie combination of filter lens 69 at the transmission 
aperture and frequency selective filter 150 before pho- 
-stofeceiver 54 cooperate to form a narrow band-pass 
^cpti^l filter havlnira center frequency f^ ^ 670 nanom- 
eters. This arrangement provides Improved slgnal-to- 
noise ratio for detected scan data signals 

Having described tiie detailed structure and inter- 
nal functions of automatic bar code symbol reading 
device 2 of the first illustrative embodiment of the 
present invention, the operation of tiie system controller 
ttiereof will now be desaibed while refen^ing to Blocks A 
to CC in Figs. 8A to 8B'. and the system block diagram 
shown in Fig. 4. 

Beginning at the START block of Main System Con- 
trol Routine No. 1 and proceeding to Block A. bar code 
symbol reading device 2 is initialized. This involves con- 
tinuously activating (i.e. enabling) IR sensing circuit 10A 
and the system controller. The system controller, on the 
otiier hand, deactivates (i.e. disables) tiie remainder of 
activatable system components, e.g. laser diode 47, 
scanning motor 50, photoreceiving circuit 12, A/D con- 
version circuit 13, bar code presence detection module 
14, bar code scan data range detection module 15, 
symbol decoding module 16. data format conversion 
module 17, data storage unit 18, and data transmission 
circuit 19. All timers T^, T2. T3. T4 and T5 (not shown) 
maintained by tiie system controller are reset to t » 0. 

Proceeding to Block B, the system controller 
checks to determine whettier control activation signal 
A^ = 1 received from IR sensing circuit 10A. K this sig- 
nal Is not received, then tiie system controller returns to 
tiie START Block. If signal A^ = 1 is received, indicative 
tiiat an object has been detected witiiin tiie object 
detection field, then tiie system controller proceeds to 
Block C, at which timer Ti is started and is permitted to. 
run for a preset time period, e.g. O ^ T^, ^ 3 seconds, 
and timer T2 is started and permitted to run for a preset 
time period 0 ^ T2 ^ 5 seconds. 

Proceeding to Block D, the system controller acti- 
vates laser diode 47, scanning motor 50, photoreceiving 
circuit 12, A/D conversion circuit 13 and bar code pres- 
ence detection module 14 in order to collect and ana- 
lyze scan data signals for the purpose of determining 
whether or not a bar code Is within tiie scan field. Then, 
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at Block E, the system controller checks to determine 
whether control activation signal =1 is received from 
bar code presence detection module 14 within time 
period 1 ^ ^ 3 seconds. If activation control signal 
A2=1 . is not received within this period, indicative that a 
bar code is not within the scan field, then the system 
controller proceeds to Block R At block F. the system 
controller deactivates laser diode 47. scanning motor 
50, photoreceiving circuit 12, A/D conversion circuit 13 
and bar code presence detection module 14. Then the 
system controller remains at Block G until it receives 
control activation signal A-t = 0 from IR sensing circuit 
10A, indicative that the object is no longer in the object 
detection field. When this condition exists, the system 
controller returns to the START Block. 

If, however, the system controller receives control 
activation signal Ag = 1 within#ne>p^ic^O 4T1 ^3 
seconds. Indicative that a bar^code^has^beg^letected, 
then the system controller proceeds to Block H. As will 
be described hereinafter, this represents a state transi- 
tion from bar code presence detection to bar code read- 
ing. Proceeding to block H, the system controller 
continues activation of laser diode 47, scanning motor 
50, photoreceiving circuit 12, and A/D conversion circuit 
13. and commences activation of symbol decoding 
module 14. At this stage, fresh bar code scan data is 
collected and is subject to decode processing. At 
essentially the same time, at block I, tiie system control- 
ler starts timer T3 to run for a time period O ^ T3 ^ 1 sec- 
ond. 

As indicated at Block J, the system controller 
checks to determine whetiier control activation signal 
A3 = 1 is received from the symbol decoding module 16 
within T3 = 1 second, indicative ttiat a bar code symbol 
has been successfully read (i.e. scanned and decoded) 
within the allotted time period, if control activation signal 
A3 is not received witiiin tiie time period T3 = 1 second, 
then at Block K the system controller checks to deter- 
mine whether control activating signal A2 » 1 is received 
within time period O ^JTs ^3 seconds. Jf a b ar cod e 
symbol is not detected witiiin this time period, then the 
system controller proceeds to Block L to deactivate 
laser diode 47. scanning motor 50. photoreceiving cir- 
cuit 12, A/D conversion circuit 13, bar code presence 
detection module 14 and symbol decoding module 16. 
Notably, this event causes a state transition from bar 
code reading to object detection. Thereafter, at Block M 
the system confoller remains in tiie object detection 
state awaiting control activation signal A^ » o. indicative 
that an object is no longer in the object detection field. 
When tttis condition exists, the system controller returns 
to the START Block, as shown. 

If at Block K. however, the system controller 
receives control activation signal A2 = 1. indicative that 
a bar code once again is within the scan field then the 
system controller checks to determine whether time 
period T2 has elapsed. If it has, tiien tiie system control- 
ler proceeds to Block L and tiien to the START Block by 



way of Block M. If. however, time period 0 ^ T2 ^ 5 sec- 
onds has not elapsed, tiien the system controller resets 
timer T3 to run once again for a time period O ^ T3 ^ 1 
second. In essence, this provides the device at least 
5 another opportunity to read a bar code present witiiin 
the scan f iekl when tiie system controller is at control 
Block J. 

Upon receiving control activation signal A3 = 1 from 
symbol decoding module 16, indicative tiiat a bar code 

10 symtK)l has been successfully read, the system control- 
ler proceeds to Block O. At this stage of the system con- 
trol process, tiie system controller continues to activate 
laser diode 47, scanning motor 50, photoreceiving cir- 
cuit 12 and A/D conversion circuit 13, while deactivating 

15 symbol decoding module 16 and commencing activa- 
tion of data format conversion module 17, data storage 
unit 18 and data transmission circuit 19. These opera- 

- • op tions maintain tiie scanning of the laser beam across^-^ 
tiie scan field, while symtxil character data is appropri- 

20 ately formatted and transmitted to data collection device 
3, or a host device, by a conventional data communica- 
tion process well known in the art. 

After transmission of symbol character data to tiie 
host device is completed, tiie system controller enters 

25 Block P and continues activation of laser diode 47. 
scanning motor 50, photoreceiving circuit 12 and A/D 
conversion circuit 13, while deactivating symbol decod- 
ing module 16, data format-conversion module 18, data 
storage unit 18 and data transmission circuit 19. To 

30 detect the continued presence of an object within tiie 
object detection field, the system controller checks at 
Block Q whether control activation signal A^ = 1 is 
received from IR sensing circuit 10A. If A^ = O, indica- 
tive that the object is no longer in the object detection 

35 field, then tiie system controller returns to ttie START 
Block. If control activation signal A^ » 1 is received, then 
at Block R tiie system controller activates bar code 
presence detection module 14. These events represent 
once again a state ti^nsition from object detection to bar 

40 code sy mbol pre sence detection. 

At Block 8, tiie systerTTconFolliTstartelimer T4~t<r~ 
run for a time period O ^ T4 ^ 5 seconds, and timer T5 
to run for a time period O ^ T5 ^ 3 seconds. Then to 
determine whether a bar code symbol has been 

45 detected witiiin the scan field, system controller pro- 
ceeds to block T to check whether control activation sig- 
nal A2 = 1 is received. If this signal is not received witii 
the time period O ^ T5 ^ 5 seconds, indicative that no 
bar code symbol is present in the scan field, the system 

50 controller proceeds to Block U, at which it deactivates 
laser diode 47, scanning motor 50, photoreceiving cir- 
cuit 12. A/D conversion circuit 13 and bar code pres- 
ence detection module 14. Thereafter, the system 
controller remains at Block V until tiie object leaves tiie 

55 object detection field and (i.e. receives comrd activation' 
signal A^ =0), at which time the system controller returns 
to the START BlocK as shown. 

If. however, at Block T control activation signal A2 = 
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1 Is received, indicative that a bar code symbol has wise they may not be desired in particular applications. 
'beenrdet§t^ediin^the«s^^^ 

A4 = 1 can be generated in at least two possible ways. 



proceeds through Blocks W and X to reactivate the 
symbol decoding module and start timer T© to run for a 
time period O ^ Tg ^ 1 second. These events represent 
a state transition from bar code symbol presence detec- 
tion to bar code symbol reading. At Block Y, the system 
controller checks to determine whetiier control activa- 
tion signal A3 = 1 is received from signal decoding mod- 
ule 16 within time period O ^ Tg ^ 1 second. If a bar 
code symbol is not successfully read within this 1 sec- 
ond time period, the system controller returns to Block T 
to form a first loop, within which tiie device is permitted 
to detect or redetect a bar code symbol within the time 
period O ^ T4 ^ 5 seconds. If a bar code symbol is 
decoded within this time interval, the system controller 
determines at Block Z whetiier the decoded bar code 
symbol is drffererit from tiie pre/iously decoded bar 
code symbol. If It is different, tiien the system controller 
returns to Block O as illustrated, to format and transmit 
symbol character data as described hereinabove. 

If, however, the decoded bar code symbol Is not dif- 
ferent than the previously decoded bar code symbol, 
then at Block AA the system controller checks to deter- 
mine whether timer T4 has lapsed. If it has not lapsed, 
the system controller returns to Block T to form a sec- 
ond loop, within whk;h tiie device is permitted to detect 
or redetect a bar code symbol in the scan field and then 
successfully read a valid bar code symbol within tiie set 
time Interval O ^ T4 ^ 5 seconds. If. however, timer T4 
lapses, then the system controller proceeds to Block BB 
at which the system controller deactivates laser diode 
47, scanning motor 50, photoreceiving circuit 12, A/D 
conversion circuit 13, bar code presence detection 
module 14, and symbol decoding nKXiule 16. Thereaf- 
ter, the system controller remains at Block CC until con- 
trol activatfon signal A^bQ is received from IR sensing 
circuit 10A, indicative that the object detection field is 
free of any objects. At this stage, the system conti'oller 
returns to the START BlocK as shown in Figs. 8A" to 
8B. 

The operation of automatic bar code symbol read- 
ing device 2 has been described in connection with 
Main System Cortrol Routine No. 1 which uses control 
activation signals A^, A2 and Ag. This system control 
routine operates on two basic assumptions concerning 
IR sensing circuit 10A and bar code symbol presence 
detection module 14. Specifically, Main system Control 
Routine No. 1 assumes that the IR sensing circuit pro- 
duces control activation signal A^ = 1 whenever an 
object Is detected anywhere witiiin the operative detec- 
tfon range of the object d^ection field. It also assumes 
that the bar code symbol presence detection module 
produces control activation signal A2 = 1 whenever a 
bar code symbol is detected anywhere within the oper- 
ative scanning range of the scan field. These assump- 
tions cause state transitions in tiie operation of the 
automatic bar code symbol reading device, when other- 
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For example, the short range mode of object and bar 
code presence detection may be manually selected by 
depressing switch 21 on the housing using the ones 
thumb. Alternatively, tiie short range mode may be 
selected by lifting the device out from housing support 
stand 57. as illustrated in Fig. 7B. In either case, prior to 
operating the symbol reading device, either the manual 
or automatic mechanism for tiie mode selection is set 
witii the system controller. 

if control activation signal A4=1 is received at Block 
B', then tiie system controller selects short range object 
detection by desensitizing the IR sensing circuit. This is 
achieved by providing mode selection enable signal 
^^Rf=1'as7 h^inb efore described. Then proceeding to . 
' Bl(^ DViv^^em controlled eriters the START Block 
of Main System Comrol Routine of. for example, Rgs. 
8A to 8B'. Thereafter, the control flow proceeds as pre- 
scribed by ttie Main System Control Routine No. 1. 
Notably, whenever the confrol flow in the Main system 
Control Routine returns to the START Block tiierein. the 
system conti-oller will exit Main System Cortrol Routine 
No. 1 and return to tiie START Block of System Control 
Routine of Figs. 9A to 9B. 

As illusbated at Block E' of Fig. 9A\ whenever tiie 
control flow is at Bfocks D, I or R in the Main System 
Control Routine, the system controller activates bar 
code presence detection 14 module and bar code scan 
range detection module 15. Thereafter, while at any one 
of tiiese confrol blocks, tiie bar code scan range detec- 
tion module processes scan data signal D2 so as to pro- 
duce digital count and sign data as hereinbefore 
described. As indicated at Block P. an additional condi- 
tion is placed on control Blocte E. K and T in the Main 
System Control Routine, so that a transition from the 
bar code presence detection state to the bar code read- 
ing state occurs only if (I) the object is detected in the 
short range portion of the object detection field and (ii) 
the bar code is detected in the short range portion of the 
scan field. Specifically, when at any one of such blocks 
in the Main System Control Routine and the system 
controller receives control activation signal A2=1. tiien 
the system controller will also determine whetiier the 
digital count data of tiie detected bar code is within the 
short range count inten^al. If tiie digital count data pro- 
duced indicates that the detected bar code symbol is 
not located within the prespecified short range of the 
scan field, then as indicated at Btock H' of Rg. 9A'. the 
system controller proceeds to Blocks F, L or U. respec- 
tively, in the Main System Control Routine. If, however, 
the digital count data produced indicates that tiie 
detected bar code symbol is located within ttie short 
range of the scan field, then as indicated at Block G' of 
Fig. SB, tiie system controller proceeds to Blocks H, N 
or W, respectively, in the.Main System Conf ol Routine. 
In such instances, detection of a bar code symbol in the 
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scan field is insufficient to effect a state transition to the 
bar code reading. 

Turning attention to Block B* of Fig. 9A, the system 
controller may not receive control activation signal A4=1 
from the range selection circuit as indicated at this s 
block In some embodiments neither switch 21 or mag- 
netic field sensing circuit 20 may be activated, or pro- 
vided in the automatic bar code reading device. In such 
embodiments having short/long range selection capa- 
bilities, symbol decoding module 16 can be adapted to io 
recognize predesignated bar code symbols which auto- 
matically activate and deactivate long and/or short 
range modes of object and/or bar code presence detec- 
tion. As will become apparent hereinafter, this type of 
automatic mode selection is highly advantageous when is 
reading, for exanple, bar coded menus and the like. 
As indicated at Block 1' of Fig, 9A, in tb^^abseocji^fc 

-j^control activation signal A4 = 1 at Block^B', the syst©^^^ 
controller selects (i.e. maintains) the long range object 
detection mode by letting I R sensing circuit 1 0A operate 20 
at full sensitivity (i.e. Ei^- = O). Tlien at Block J', the sys- 
tem controller enters the START Block of Main System 
Control Routine of Rgs. 8A and SB, as hereinbefore 
described in connection with Block D' of Fig. 9A. As 
indicated at Block K*. before entering Block 0 of the 25 
Main System Control Routine, the system controller 
determines whether the successfully read bar code 
symbol is a bar code which has been predesignated to 
activate the short range bar code presence detection 
mode. This is adiieved by checking whether the system 30 
controller receives control activation signal A4=1 from 
symbol decoding module 16 as shown in Fig. 4. if con- 
trol activation signal A4=0 is received by the system 
controller, then as indicated at Block L the system con- 
troller proceeds to Block O of the Main System Control 35 
Routine. If. however, mode activation signal A4=1 is, 
received, then as indicated at Block M' the system con- 
troller selects the short range mode of object detection 
by desensitizing IR sensing circuit 10A (i.e. E|p{x=0). 
This operation ensures that control activation signal 40 

~A7=1'is^roduced onlywhen an object isdetected within 
the short range of the object detection fieM, as illus- 
trated in Figs. 3 and 3A. 

As indicated at Block N' of Fig. 9A'. the short range 
mode of bar code presence detection is indicated by the 4s 
system controller by activating both bar code presence 
detection module 14 and bar code scan range detection 
module 1 5 whenever the system controller is at Block D. 
I or R, respectively, in the Main System Control Routine. 
In this way, the bar code scan range detection module so 
analyzes digital sign and count data from each detected 
bar code system to detenmine the range of the detected 
bar code in the scan field. 

As indicated at Block 0', an additional condition is 
placed on control Blocks E. K and T in the Main System 55 
Control Routine. This condition ensures that a transition 
from the bar code presence detection state to the bar 
code reading state occurs or^y if the object is detected 



in the count interval, then as indicated at block O*. the 
system controller proceeds to control blocks F, L or U, 
respectfully in the Main System Control routein as pre- 
viously indicated in block H'. If, however, the digital 
count data is within the prespedf ied short range count 
interval, then control activation signal A2a=1 is provided 
to the system controller as illustrated in Fig. 4. In this 
instance. A4SI and A2A- 1 . and thus bar code presence 
detection module 14 provides control activation signal 
A2=1 to the system controller in order to effectuate a 
transition to the bar code symbol reading state. These 
events are represented at Block P' of Fig. 9A by the sys- 
tem controller proceeding to Blocks H, N or Y. respec- 
tively, in the Main System Control Routina Then as 
indicated at Block Q' of Fig. 9B. the system controller 
checks to determine whether the successfully read bar 
code symbol is a bar code predesignated to deactivate 
the short.range detection mode. If tiie read bar code 
symtx>i is a short-range mode deactivation bar code, 
then as indicated at Block R', the system controller 
selects the long range object detection mode by letting 
IR sensing circuit 10A operate at full sensitivity (i.e. 
E|RT=0). Then, as indicated at Block S*. system control- 
ler exits Main System Control Routine No. 1 and returns 
to the START Block of System Control Routine of Figs. 
9A and 9B. If, however, tfie read bar code symbol is not 
a short range mode deactivation bar code, then as indi- 
cated at Block T, the system controller proceeds to 
Block O in the Main System Control Routine. TTie bar 
code symbol reading device of the present invention will 
then remain in the short-range detection mode until it 
reads a short-range mode deactivation symbol. 

Referring now to Figs. 1, and 10 through 13 in par- 
ticular, the second embodiment of tiie automatic bar 
code reading device of the present invention, will be 
described. 

Automatic bar code symbol reading devk;e 2' com- 
prises the identical hand-holdatHe housing illustrated in 
Figs. 1, 3 and 3A and described hereinabove. Thus, 
similar structure remain in the short-range detection 
mode~untiritl^ds"a~5lWtTange modeUeactivation 
symbol. 

Referring now to Figs. 1, and 10 through 13 in par- 
ticular, the second embodiment of the automatic bar 
code reading device of the present invention, will be 
described. 

Automatic bar code symbol reading device 2' com- 
prises the identical hand-holdable housing illustrated in 
Figs. 1, 3 and 3A and described hereinabove. Thus, 
similar structure or elements are indicated witii like ref- 
erence numbers throughout these drawings. The object 
detection and scan fields produced by the device of tiie 
second embodiment are essentially identical in tiie 
functional sense, altiiough they are different in geomet- 
rical terms which will be described below. 

As illustrated in Figs. 10 and 10A, the geometrical 
characteristics of tine object detection field provided in 
bar code reading device 2* Is substantially wkler in 
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three-dimensional space that is shown in Figs. 3 and 

the same. TTie reason for the difference in geometry 
and dimensions of the object detection field in the sec- 
ond illustrative embodiment is attrftxited to the fact that 5 
reflected IR object sensing energy (emitted from cen- 
trally disposed IR LED 28) is permitted to pass through 
IR transparent window 70 and be collected within the 
head portion of the housing using the same optics 
employed in the collection of reflected laser light from 10 
the scan field. While the width dimensions of the scan 
field are essentially equal to the width dimensions of the 
object detection field in this embodiment, the object 
detection field represented in Fig. 10A has been illus- 
trated slightly narrower strictiy for purposes of clarity in is 
exposition. 

To more fully appreciate ttie mechanisms enriployed 
in providing tiie object detectioh and scan fields of bar 
code symbol reading device 2*. reference is best made 
to the operative elemerHs witiiin the hand-holdable 20 
housing. 

As shown in Fig. 11, bar code symbol reading 
device of the second illustrative embodiment comprises 
essentially identical system components used in the 
first illustrative embodiment schematically represented 2s 
in Fig. 4. Tlius, similar elements are indicated with like 
reference numbers tiiroughout these drawings. Notably, 
however, there are several significant structural differ- 
ences with respect to laser scanning circuit 1 1 ' and pho- 
toreceiving circuit 1 2' which will be pointed out below. 30 

As illustrated in Fig. 11, scanning circuit 11' com- 
prises a solid-state visible laser diode 47 which is driven 
by a conventional VLD driver circuit 48. In order to scan 
the laser beam output from laser diode 47 over a scan 
field having a predetermined spatial extent in front of the 35 
housing head portion, a polygonal scanning min'or 71 is 
rotated at either a low or high angular velocity (i.e. 
speed) by scanning motor 72 driven by a dual speed 
driver circuit 73. as shown. 

To selectively activate laser diode 47, the system 40 
controller provides laser enable signal to laser driver 
circuit 48. whereas to activate scanning motor 72 at 
high or low speed, the system controller provides scan- 
ning motor driver drcuit 73 motor enable signals E^h or 
Bf^i, respectively With this scanning arrangement, the 4S 
system controller can selectively operate scanning cir- 
cuit 11* and photoreceiving circuit 12' in at least two 
ways. For example, when is E|_=1 and motor enable sig- 
nals are Emh^I ^mi=0, a laser beam is generated 
from laser diode 47 and polygonal scanning mirror 71 is so 
rotated at high speed. In response, tiie laser beam is 
scanned tiirough the transmission aperture and across 
the scan field at a scan-line rate proportional to the 
speed of the scanning motor and the radial distance of 
the beam from tiie scanning mirror surface. Alterna- ss 
tively, using tiiis scanning mechanism, polygonal scan- 
ning mirror 71 can be rotated at a slow speed while 
laser diode 47 is deactivated. This can be achieved by 



tiie system controller providing laser enable signal 
»«E1!^©^tS«I^Wdri^ii^1!iit>4S^»ffi^ 
Emh^ ^ E|^i_=:1 to driver circuit 73. The utility of tiiis 
latter scanning function will become apparent hereinaf- 
ter. 

In Fig. 10A, the optical an^angement of tiie system 
components for the second illustrative embodiment is 
shown. Specifically, visible laser diode 47 is mounted in 
tiie rear corner of circuit board 75. installed within the 
head portion of tiie housing. A stationary concave mir- 
ror 76 is mounted controlling at the first end of the circuit 
board, for primarily collecting laser light. Notably, the 
height of concave mirror 76 is such as not to block trans- 
mission aperture 6. Mounted off center onto the surface 
of concave mirror 76, is a very small second mirror 77 
for directing incident laser beam from laser diode 47 to 
.polygonalif#frdr71 ^fch ^ connected to the shaft of 
scanning'mot^ 72rBr58f!tfrotational nmem'ent'there- 
witii. As shown, scanning motor 72 is mounted centrally 
at tiie rear end portion of the circuit board. In the oppo- 
site rear corner of the circuit board, photoreceiver 54 
and IR detecting photodiode 31 are mounted in a con- 
tiguous manner as shown. In front of photoreceiver 
dkxie 54 and essentially along tiie optical axis of con- 
cave mirror 76. an optical element 78, such as a con- 
cave lens, can be provided to assist concave minror 76 
in focusing collected laser return light onto ttie photore- 
ceiver. If necessary, lens 78 can be treated so as to filter 
out iR energy collected through tiie collection optics of 
tiie system. In addition, focusing lens 30 can be 
mounted In front of IR detecting photodiode 31 to assist 
concave mirror in focussing collected IR light onto IR 
photodiode 34. 

In order to flood the object detection field with IR 
light, IR LED 28 and lens 29 are mounted centrally in 
front of concave min-or 76. A circular aperture 79 is 
formed in front opaque panel 7B below transmission 
aperture 6. 

To appreciate the functionality of the optical 
arrangement featured in Fig. 10A. its operation will be 
onto concave min'or 76 and tiien focused through lens 
78 onto IR detecting photo diode 31 , illustrated in Rgs. 
5and10A. 

During bar code presence detection and reading 
operations in ttie second illustrative embodiment, laser 
diode 47 and photoreceiving circuit 12' are activated, 
while scanning motor 72 is driven at high speed. In this 
way, laser diode 47 produces a laser beam tiiat is 
directed in a fonvard direction onto small stationary mir- 
ror 77 and is reflected back to rotating polygonal minror 
71. Rotating polygonal mirror 71 scans the laser beam 
aaoss the scan field. The returning laser light beam 
reflected from tiie bar code, is directed back onto rotat- 
ing polygonal mirror 71 which also acts as a collecting 
mirror. This rotating min-or directs the beam to station- 
ary concave mirror 76 at tiie forward end of tiie housing 
head portion. The beam reflected from concave min'or 
76 is directed to photoreceiver 47 to produce an electri- 
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cal signal representative of the intensity of the reflected 
light. 

In Figs. 10C and 10D, an alternative optical signal 
collection and processing an-angement for automatic 
bar code symbol reader 2' Is shown. Notably, similar 
structure or elements shown in Rgs. 10A through 10D 
are indicated both by like reference numbers. According 
to this alternative embodiment, during time intervals 
determined by the system controller (as indicated in 
Figs. 12A and 12B). IR return energy and laser return 
light from the object detection and scan fields, respec- 
tively, win each be (i) passed through frequency selec- 
tive transmission window 110; (or) collected through 
common optical elements 71 and 76; (i") passed 
through f requncy selective optical filter system 111; (iv) 
focused by focusing iens 1 12; (v) detected by photore- 
ceiver 54; and subsequently converted and amplifiedjby^ 
currentrtorvoltage amplifier .113 and preamplifier 114.-: 
Using a laser beam having a wavelength of about 670 
nanometers and IR object sensing energy of about 940 
nanometers, the frequency transmission characteristics 
of transmission window 110 and optical filter system 
1 12 will be selected so as to frequency selective trans- 
mission window 110; (or) collected tiirough common 
optical elements 71 and 76; (iii) passed through 
frequncy selective optical filter system 111; (Iv) focused 
by focusing lens 1 12; (v) detected by photoreceiver 54; 
and subsequently converted and amplified by current- 
to-voltage amplifier 113 and preamplifier 114. Using a 
laser beam having a wavelength of about 670 nanome- 
ters and IR object sensing energy of about 940 nanom- 
eters, the frequency transmission characteristics of 
transmission window 1 10 and optical fitter system 112 
will be selected so as to effectively produce two narrow 
pass-bands for transmission of IR return energy and 
laser return light to photoreceiver 54. The first narrow 
pass band will be centered about 940 nanometers for I R 
return energy, whereas the second narrow pass-band 
will be centered about 670 nanometers for laser return 
light. In an illustrative emt^odiment, optical filter system 



1 1 1 can be realized by one or m^re dielectric'br other 
type filters, the nature of which is well known in tiie art. 

The detected IR signal produced from amplifier 1 14 
during object detection is provided to synchronous 
transmitter/receiver 27, which has been described 
above. Ms function is to compare the detected IR return 
signal witi^ the pulsed IR signal, produced from IR LED 
28 and transmitted through lens 29 as hereinbefore 
described. As previously described, tiie output of syn- 
chronous transmitter receiver 27 is control activation 
signal A^ which is provided to tiie system controller. The 
detected analogue scan data signal Di. produced from 
preamplifer 114 during bar code presence detection 
and bar code reading, is provided to A/D conversion unit 
13 for signal conversion as hereinbefore described. 

In order ttnat common signal processor 1 15 is oper- 
ative during the object detection, bar code presence 
detection and bar code reading states, the system con- 



troller continuously provides enable signal E^p^sl to 
common signal processor 115, as shown. However, 
during the bar code presence detection and bar code 
reading states, the system controller provides IR disable 

5 signal Eiptp = 1 to IR transmitting and receiving circuit 
116, in order to disable the operation thereof. Aside 
from the above described modifications to automatic 
bar code symbol reading device Z, the system control- 
ler of this illustrative embodiment will operate in general 

10 accordance with tiie system control program of Figs. 
12Ato12B'. 

Having described the detailed structure and inter- 
nal functions of the automatic bar code syntol reading 
device of tiie second illustrative embodiment of tiie 

IS present invention, tiie operation of the system controller 
tiiereof will now be described with reference to Blocks A 
thcough CC in Figs. 12A to 12B' and ttie system block 
^ ^diagEam shown in Fig. 1 1 : ^ 

Beginning at the START Block of Main System Con- 

20 ti'ol Routine No. 2 and proceeding to Block A, bar code 
symbol reading device 2* is initialized. This involves con- 
tinuously activating (i.e. enabling) the system controller. 
The system controller, on the other hand, activates IR 
sensing circuit 1 0A with scanning motor 72 driven at low 

25 speed. In addition, tfie system controller deactivates tiie 
remainder of activatable system components, e.g. laser 
diode 47, photoreceiving circuit 12', A/D conversion cir- 
cuit 13, bar code presence detection module 14, bar 
code scan data range detection module 15, symbol 

30 decoding module 16. data format conversion nxxiule 
17, data storage unit 18, and data transmission circuit 
19. All timers T^, T2, T3, T4 and T5 (not shown) main- 
tained by tiie system conti-oller are reset to t = 0. 

Proceeding to Block B, the system controller 

35 checks to determine whetiier control activation signal 
Ai = lis received from IR sensing circuit 10A. If this sig- 
nal is not received, then the system controller returns to 
tiie START Block. If signal A^ = 1 is received, indicative 
tiiat an object has been detected within the object 

40 detection fiekJ. then the system controller proceeds to 
Blocirc, at which tirneFTf is staRed"and"isl3"ermittai"t^ 
run for a preset time period, e.g. O ^ T^ . ^ 3 seconds, 
and timer T2 is started and permitted to run for a preset 
time period 0 ^ T2 ^ 5 seconds. 

4S Proceeding to Block D, tiie system controller acti- 
vates laser diode 47, scanning motor 72 driven at high 
speed, photoreceiving circuit 12', A/D conversion circuit 
1 3 and bar code presence detection module 1 4 in order 
to collect and analyze scan data for the purpose of 

so determining whether or not a bar code resides wittitn 
the scan fiekl. Then, at block E. tiie system controller 
checks to determine whether comrol activation signal 
A2 =1 is received from bar code presence detection 
module 14 within time period 1 ^ T-i ^ 3 seconds. If acti- 

55 vation control signal A2=1 is not received within this time 
period, indicative that a bar code is not within tiie scan 
field, tiien ttie system comroller proceeds to Block F. At 
Block F. the system controller deactivates laser diode 
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47, scanning motor 72 driven at liigh speed, photore- 
-^'feei^^irgiwicirGilJitJ^lS^ 
code presence detection module 14. In addition, the 
system controller reactivates IR sensing circuit 10A and 
scanning motor 72 driven at slow speed. Then the sys- 
tem controller remains at Block G until it receives control 
activation signal = 0 from the IR sensing circuit, indic- 
ative that the object is no longer in the object detection 
field. The system controller returns to the START Block. 

If, however, the system controller receives control 
activatk)n signal A2 a i within time period O ^ T^ ^ 3 
seconds, indicative that a bar code has been detected, 
then the system controller proceeds to Block H. As will 
be described hereinafter, this represents a state transi- 
tion from bar code presence detection to bar code read- 
ing. Proceeding to Block H, the system controller 
continues activation of laser diode 47. scanning motor 
72, photoreceiving circuit 12' and A/D emersion circuit" 
13, and commences activation of symbol decoding 
module 16. At this stage, fresh bar bode scan data is 
collected and is subject to decode processing. At 
essentially the same time, at Block I, the system control- 
ler starts timer T3 to run for a time period O ^ T3 ^ 1 sec- 
ond. 

As indicated at Block J, the system controller 
checks to determine whether control activation signal 
A3 = 1 is received from the symbol decoding nfxxJule 16 
within T3 = 1 second, indicative that a bar code symbol 
has been successfully read (i.e. scanned and decoded) 
within the allotted time period. If control activation signal 
A3=1 is not received within the time period T3 = 1 sec- 
ond, then at Block K the system controller checks to 
determine whether control activation signal A2 = 1 is 
received within the time-period O ^ T3 ^ 3 seconds. If a 
bar code symbol is not detected within this time period, 
then the system controller proceeds to Block L to deac- 
tivate laser diode 47, scanning motor 72 driven at high 
speed, photoreceiving circuit 12', A/D conversion circuit 
13. bar code presence detection module 14 and symbol 
decoding module 16. In addition, the system contrdier 
reactivates IR sensing circuit IDA and scanning motor 
72 driven at low speed. Notably, this event causes a 
transition from the bar code reading state to object 
detection state. Thereafter, at Block M the system con- 
troller remains in the object detection state awaiting 
control activation signal A^ = O, indicative that an object 
is no longer in the object detection field. When this con- 
dition exists, the system controller returns to the START 
Block, as shown. 

If at Bk)ck K, however, the system controller 
receives control activation signal A2 = 1, indicative that 
a bar code once again is within the scan field, then the 
system controller checks to determine whether time 
period T2 has elapsed. If it has, then the system control- 
ler proceeds to Block L and then to the START Block by 
way of Block M. If, however, time period 0 ^ T2 ^ 5 sec- 
onds has not elapsed, then the system controller resets 
timer T3 to run once again for a time period O ^ T3 5 1 
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second. In essence, this provides the device at least 
*in(QaHgi*8p^^ 

the scan field when the system controller returns to con- 
trol Block J. 

Upon receiving control activation signal A3 = 1 from 
the symbol decoding module, indicative that a bar code 
symbol has been successfully read, the system control- 
ler proceeds to Block O. At this stage of the system con- 
trol process, the system controller continues to activate 
laser diode 47, scanning motor 72 driven at high speed, 
photoreceiving circuit 12' and A/D conversion circuit 13, 
while deactivating symbol decoding module 16 and 
commencing activation of data format conversion mod- 
ule 17, data storage unit 18 and data transmission cir- 
cuit 19. These operations maintain the scanning of the 
laser beam across the scan fiekl, while symbol charac- 
ter data is appropriatiridffrij P^''an d transmitted to 
data collection device 3 a'c^vShtTdnal data cormu- 
nication process, well known in the art 

After transmission of symbol character data to data 
collection device 3 is completed, the system controller 
enters Block P and continues activation of laser diode 
47, scanning motor 72 driven at high speed, photore- 
ceiving circuit 12' and A/D conversion circuit 13, while 
reactivating IR sensing circuit 10A and deactivating 
synftbol decoding mo6u\e 16, data fbrmat-conversion 
module 17, data storage unit 18 and data transmission 
circuit 1 9. To detect the continued presence of an object 
within the object detection field, the system controller 
checks at Block Q whether control activation signal A^ = 
1 is received from IR sensing circuit 10A. If Ai = O, 
indicative that the object is no longer in the object detec- 
tion field, then the system controller returns to the 
START block. If control activatk>n signal A^ = 1 is 
received, then at Block R the system controller activates 
bar code presence detection module 14, and deacti- 
vates IR sensing circuit 10A. These events represent 
once again a transition from the object detection state to 
the bar code symbol presence detection state. 

At' Block S. the system controller starts timer T4 to 
run for a time period O ^ T4 ^ 5 seconds, and timer T5 
to run for a time period 0 ^ T5 ^ 3 seconds. Then to 
determine whether a bar code synrtel has been 
detected within the scan fieki, system controller pro- 
ceeds to Block T to determine whether control activation 
signal A2 = 1 is received. If this signal is not received 
with the time period O ^ T5 ^ 3 seconds, indicative that 
no bar code symbol is present in the scan field, the sys- 
tem controller proceeds to Block U, at which It deacti- 
vates laser diode 47, scanning motor 72 driven at high 
speed, photoreceiving circuit 12', A/D conversion circuit 
13 and bar code presence detection module 14. In addi- 
tion, the system controller reactivates IR sensing circuit 
10A and scanning motor 72 driven at low speed. TTiere- 
after, the system controller remains at Block V until the 
object leaves the object detection field and (i.e. receives 
control activation signal A2:=0), at which time the system 
controller returns to the START BlocK as shown. 
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If, however, at Block T control activation signal = 
1 is received, indicative that a bar code synibol has 
been detected in the scan field, the system controller 
proceeds through Blocks W and X to reactivate symbol 
decoding module 1 6 arxi start timer Te to run for a time 5 
period O ^ Tg ^ 1 second. TTiese events represent a 
state transition from the bar code symbol presence 
detection sate to bar the code symbol reading state. At 
Block Y, the system controller checks to determine 
whether control activation signal A3 = 1 is received from 10 
the signal decoding module within time period O^Jq^ 
1 second. If a bar code symbol is not successfully read 
within this 1 second time period, the system controller 
returns to Block T to form a first loop, within which the 
device Is permitted to detect or redetect a bar code sym- 75 
bol within the time period 0 ^ T4 ^ 5 seconds. If a bar 
code symbol is decoded within this time interval, the. 
system controller^determines at B|pck Z whether the < 
decoded bar code symbol is different from the previ- 
ously decoded bar code symbol. If it is different then 20 
the a valid bar code symbol within the set time interval 
0 ^ T4 ^ 5 seconds. If, however, timer T4 lapses, then 
the system controller proceeds to Block BB, at which 
the system controller deactivates laser diode 47. scan- 
ning motor 82 driven at high speed, photoreceiving cir- 25 
cuit 12'. A/D conversion circuit 13. bar code presence 
detection module 14 and symbol decoding module 16. 
In addition, system controller reactivates IR sensing cir- 
cuit 10A and scanning motor 72 driven at low speed. 
Thereafter, the system controller remains at Block CC 30 
until control activation signal A^=0 is received from IR 
sensing circuit 10A. indicative that the object detection 
field is free of any objects. At this stage, the system con- 
troller returns to the START Block, as shown in Fig. 1 2B. 

Having descrik^ed the operation of the first and sec- 35 
ond illustrative embodiments of the bar code symbol 
reading device hereof, it will be helpful at this juncture to 
describe the various conditions which will cause state 
transitions to occur during the automatic operation of 
the device. In th^ regar d, refer ence is made to Fig. 13 40 
which provides a state transitioTTdiagrarrTfor the illus- 
trated embodiments. 

As illustrated in Fig. 13, the automatic bar code 
symbol reading device of the present invention has four 
basic states of operatton namely: object detection, bar 45 
code symbol presence detection, bar code symbol 
reading, and symbol character data transmission/stor- 
age. The nature of each of these states have been 
described hereinabove in great detail. These four states 
are schematically illustrated as A,B, C and D. respec- so 
lively, in the state transition diagram of Fig. 13. Notably, 
two "extenslonal states" have also been provided so 
that the automatic bar code reading devices of the illus- 
trative embodiments are capable of reading an infinite 
number of consecutively different bar code symbols ss 
without returning to the object detection state. These 
states of operation are indicated as E and F and repre- 
sent bar code presence detection and bar code symbol 



reading operations, respectively As described above, 
these operations are employed when attempting to 
automatically read one or more consecutively different 
bar codes symbols, that is. after a first bar code symbol 
has been successfully read utilizing operation states A 
through C. 

As shown In Fig. 13, transitions between the vari- 
ous states are indicated by directional arrows, besides 
each of which are transition conditions expressed in 
terms of control activation signals (e.g. A^. A2 and A3), 
and where appropriate, state time intervals (e.g. T^, T2, 
T3, T4, T5 and Te). Conveniently, the state diagram of 
Fig. 13 expresses most simply the four basic and two 
extensional operations occurring during the control flow 
within the system control programs of Figs. 8A and 8B, 
and Figs. 12A and 128. Significantly, the control activa- 
tion^signals^t3:^A2 and A3 in Fig. 13 indicate which 
events within thj^bject detection and/or, scan fields can 
effect a state transition within the allotted time frame(s), 
where prescribed. 

Referring now to Figs. 1,14 through 16B, portable 
data collection device of the present Invention will, be 
described. 

As illustrated in Figs. 14 through 14B. data collec- 
tion device 3 of the illustrative embodiment comprises a 
hand-holdable housing 80 which houses the operative 
elements of the device to be described below. Housing 
80 has a top panel 80A, bottom panel SOB, front and 
rear panels 80C and 80D, and two opposing side panels 
80E and 80F, as shown. A 4x4 membrane keypad 81 is 
mounted through the lower portions of top panel 80A for 
manual entry of alphanumeric type data including, for 
example, data related to bar code symk)ols. Notably, a 
separate switch is provided for turning the device ON 
and OFF Above the keypad, there is mounted an LCD 
type 1x16 character display 82 for visually displaying 
data including (i) data being manually entered through 
keypad 81. 0i) operator messages and (ii) data entry 
SOD. and two opposing side panels 80 E and 80 F, as 
shown. A 4x4 membrane keypad 81 is mounted through 
"the^lower poTfibns of foppanel 80A for mlmuil entry of 
alphanumeric type data including, for example, data 
related to bar code symbols. Notably, a separate switch 
is provkied for turning the device ON and OFF Above 
the keypad, there is mounted an LCD type 1x16 charac- 
ter display 82 for visually displaying data including 0) 
data being manually entered through keypad 81, (ii) 
operator messages and (ii) data entry verification mes- 
sages which will be described in greater detail hereinaf- 
ter. 

Through front panel 80C adjacent character display 
82, data-input and data-output communications ports 
83 and 84. respectively, are provided. As will be 
described in greater detail hereinafter, data-input com- 
munication port 83 is particularly adapted (i) for receiv- 
ing symbol character data from the data-output 
communication port of a hand-holdable bar code sym- 
bol reading device (e.g. 2 or 2*). and (ii) for simultane- 
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ously providing electrical power to the power receiving 
-*linds*(k*gt*23)«tliera5fr^ 
with its data-outpirt port (e.g. multii3in connector plug 
25 shown in Fig. 4). In contrast, data-output communi- 
cation port 84 is particularly adapted for transmitting 
collected symbol character data stored in device 3. 
through the data-input communication port of a data- 
receiving host device, such as a point of sale (POS) 
cash register/computer 85, illustrated in Figs. 7A 
through 7C. 

As shown in Fig. 14B, in particular, data-input com- 
munication port 83 is realized in the illustrative embodi- 
ment by a 9 pin female connector, whereas data-output 
conmjnication port 84 is realized as a 9 pin male con- 
nector. In this way. the 9 pin male connector 25 used to 
realize the data-oulput communication port of bar code 
symbol reading devices 2 and 2', can be simply plugged 
into data-input communication port 83 to establish troth 
a physical and electrical interface. Preferably hand- 
threaded screw festeners (not shown) are provided on 
the 9 pin male connector 25 to effect a secure intercon- 
nection with data-input port 83 during portable bar code 
symbol reading applications. 

For conveniently supporting the data collection 
device on the operator's body while, for example, taking 
inventory, a pair of D-rings 88A and 88B are rotatabty 
mounted to the rear end of the housing. In this way. a 
cord, shoulder strap or belt strap can be attached to the 
D-rings. With this housing support arrangement, the 
user can simply pickup the hand-holdat)ie data collec- 
tion device in one hand and manually enter data 
through the keypad using one's thumb while viewing the 
character display screen. 

The hand-hoklable data collection device includes 
a battery-power storage unit 89 realized, in the illustra- 
tive embodiment, as four AA type 1.5 volt batteries. 
While not shown, these batteries are contained within a 
battery carrier attached to a hinged panel formed on the 
bottom panel SOB of the housing. Access to the battery 
carrier is achieved by simply opening the hinged panel, 
which after replacement of batteries, can be snapped 
shut 

Referring to Fig. 15, the various components com- 
prising the hand-holdable data collection device are 
shown integrated about its system controller 90. In the 
illustrated embodiment, the system controller is imple- 
mented by a microprocessor associated with program 
memory (e.g. EEPROM) for storing a system control 
program. Buffer memory (e.g. RAM) and appropriate 
latcNng circuitry are also typically provided in manner 
well known in the art. 

As shown in Fig. 15, the system controller is opera- 
biy connected with data entry keypad 81 and character 
display 82 for entering and displaying data, respectively, 
as hereinbefore desaibed. Data-input and data-output 
communication ports 83 and 84 are each operably con- 
nected to a communication driver circuit 91 by data 
transmitting and receiving lines Txi and Rxi, respec- 
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tively, as shown. In turn, the system controller is opera- 
*^biy>»nSbMlJtet^mm^ 
transmitting and receiving lines, and Rx2. respec- 
tively. With this arrangement, data communication pro- 
tocol and the lite can be transacted between (i) bar 
code symbol reading device z or 2' connected to data- 
input communication port 83 and (ii) communication 
driver circuit 91 via data transmitting and receiving lines 
Txi and Rxv Also, this arrangement facilitates transac- 
tion of data communication protocol and the like 
between (i) a host device (e.g. cash register/computer 
85) connected to data-oulput communication port 84, 
and (ii) communication driver circuit 91. 

While not shown in Fig. 15 to avoid obfuscation, a 
conventional and power distribution circuit will be pro- 
vided for distributing power from the positive side of six 
volt supply 89, to all power consbmirljg^ten^^ 
the data collection device. In order td^eneraft^twelve 
(12) volt supply for use within automatic bar code sym- 
bol reading devices 2 and 2*. a power conversion circuit 
92 is provided. As illustrated, battery power unit 89 pro- 
vides a six (6) volt supply to power conversion circuit 92, 
generating a twelve (12) volt supply The six and twelve 
volt supply lines are, in turn, provided to a power switch- 
ing circuit 93, which is controlled by the system control- 
ler by power switch enable signal Ep. The six and twelve 
volt power lines from power switching unit 93 are con- 
nected to a pair of designated pins within the 9 pin data- 
input communication port 83, as shown. To detect low 
battery power levels, battery detect circuit 94 is operably 
connected between the positive side of battery supply 
89 and the system controller. 

To determine whether the data-output communica- 
tion port of a bar code symbol reader is physically (and 
electrically) connected to data-input communication 
port 83 of the data collection device, a bar code reader 
detect circuit 95 is operably connected between data- 
input communication port 83 and the system controller, 
as shown. Thus, when bar code reader detect circuit 95 
detects a bar'^code reader plugged into data-input com- 
munications port 83, it will provide a bar code reader 
detect signal Ayi. to the system controller. This signal 
automatically activates the system controller to begin 
initializing for "uploading" of k>ar code symbol character 
data from the bar code reader. Also, bar code reader 
detect signal Ay|_ causes the system controller to pro- 
vide power switch enable signal Ep to power switching 
circuit 93, to thereby empower the connected bar code 
reading device with the six and twelve volt power supply 
lines. 

Similariy, to determine whether the data-input com- 
munication port of a host device is physically (and elec- 
trically) connected to data-output communication port 
84 of the data collection device, a host device detect cir- 
cuit 96 is operably connected between data-output 
communication port 84 and the system controller, as 
shown. TTius, when host device detect circuit 96 detects 
a host device plugged into data-output communication 
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port 84, rt will provide a host device detect signal Aqi^ to 
the system controller which automatically activates the 
system controller to begin initializing for "down-loading" 
of collected bar code symbol character data, from the 
data collection device into the host device. To permit the 
host device to supply power to the data oolledion device 
during data downloading operations, and thus conserve 
battery power, a power supply line 97 is provided 
between a pin of data-output communication port 84 
and the positive side of battery supply 89. To restrict 
power flow from the host device to the data collection 
device, a diode 98 Is inserted within this power supply 
line 97, as shown. 

Symbol character data downloaded from a bar 
code reading device and collected through data-input 
communication port 83. is stored within a data storage 
unit 99, realized in the illustrative embodinient as 32 kil- 
obytes of RAM. To facilitate transfer of such data.from 
the system controller to RAM storage unit 99, a data bus 
100 is provided, as shown^^Also associated with data 
bus 1 00 is a non-volatile data storage unit 1 01 . The sys- 
tem controller will typically store particular data items, 
such as set-up parameters and the like, in non-volatile 
RAM storage unit 101 as such data can be retained 
therein for the lifetime of the data collection device. 

RAM storage unit 99 is protected by a power- 
fail/protect-RAM circuit 102 that is operably associated 
with a storage capacitor 103, the write line of RAM stor- 
age unit 99 and the system controller with circuit 102, 
RAM storage unit 99 is protected in two ways. Firstly, 
during power transitions, circuit 99 inhibits write signals 
to RAM storage unit 99. and consequently stored sym- 
bol character data is protected from corruption. Sec- 
ondly, during periods of battery power failure, circuit 102 
enables storage capacitor 103 to provide power to RAM 
storage unit 99 for minimally one hour in order to main- 
tain the integrity of stored symbol character data. 

Having described the structure and function of the 
data collection device of the illustrative embodiment, its 
_ versati le.operation.wilLnow be_desqibed with reference-- 
to the system control program illustrated in Figs. 16A 
and 16B. 

As indicated in Fig. ISA, upon enabling the 
POWER-ON switch, the system controller advances to 
Block A. At Block A. the system controller checks to 
determine whether tiie output of host detect circuit 96 
indicates that a host device is plugged into data-output 
communication port 84. If it does delect tills condition, 
then at Block B tiie system confoller disconnects power 
supply 89 from data-Input communication port 83 (and 
thus any bar code symbol reader connected thereto) by 
way of power switching circuit 93. Then at Block C. the 
system controller checks to determine whether there is 
any data stored in RAM storage unit 99 for downloading 
to the connected host device. If ttiere is no data stored 
In RAM storage unit 99, then the system controller pro- 
ceeds to Block D, and writes "MEMORY EMPTY" to 
character display 82. Thereafter, the system confroller 



remains at Block E until it receives host detect signal 
Adl =0 indicative tiiat the host device is no longer 
plugged into data-output communications port 84. Upon 
the occurrence of tills event, the system controller 

5 returns to Block A. as shown. 

If. at Block G. the system controller determines that 
there is data stored in RAM storage unit 99 for down- 
loading into the host device, ttien at Block F tiie system 
controller writes 'TO COM HIT ENTER" to character 

10 display 82. At Block G, the system controller polls tiie 
keypad for the occun'ence of a key press operation, and 
at Block H deternrvnes whether the ENTER key has 
been pressed. If any key otiier than the ENTER is 
pressed, tiien tiie system controller returns to oonta'ol 

15 Block A. If the ENTER key is pressed, tiie system con- 
troller writes 'TRANSMITTING" to character display 82, 
and then at^jpck Jxlcwnlgad^ data from RAM storage 
unit 99 to'the^^^host^deyice^connected'to^data-output 
communication port 84. At Block Y the system checks 

20 to determine if all data in RAM storage unit 99 has been 
transmitted, and if so, writes "MEMORY EMPTY" or 
"DOWNLOAD COMPLETE" to character display 82, as 
Indicated at Block D. Thereafter, tiie system controller 
remains at Block E until tiie host device Is disconnected 

25 from data-output communication port 84, and there- 
upon returns to Block A. 

If it is determined at Block K that data transfer from 
RAM storage unit 99 is not complete, then as indicated 
at Block L. the system controller checks to determine 

30 whether the host device is still connected to data-output 
communication port 84 (i.e. Aql = 1). If host device has 
been disconnected (i.e. Aqi_ = 0). tiien the system con- 
troller returns to Block A, as shown. If, on the other 
hand, tiie host device remains connected to data-output 

35 communications port 84, the system confroller returns 
to Block J to form a control loop witiiln which the system 
controller will remain so long as tiiere remains data in 
RAM storage unit 99 and the host device remains con- 
nected to data-output communication port 84. 

40 A s indic ated at Blo ck A , if the system controller 
does not receive host delect signaT AoL~=l^from~host 
detect circuit 96. indicative that a host device is plugged 
Into the data-output communication port, then the sys- 
tem controller proceeds to Bkx:k M. At Block M, the sys- 

45 tem controller first checks the output of low battery 
circuit 94 to determine tiiat sufficient power is available 
to energize a bar code symtx)! reading device if plugged 
into data-input communication port 83. If insufficient 
battery sti-ength is indicated, then at Block N the system 

so controller disconnects battery power supply 89 from 
data-input communication port 93 by way of power 
switching circuit 94. Thereafter at Block O, the system 
controller writes "LOW BATTERIES" to character dis- 
play 82. The system controller remains at Block P until it 

55 receives host detect signal Aql = 1 , indicative that tiie 
host device is plugged into data-output communication 
port 84. If so, the system controller advances to Block C, 
as hereinbefore desaibed. Notably, this choice of con- 



19 



37 



EP0 871 138 A2 



38 



trol flow is based on the fact that, during data download- 

*iir^^6js§fatior^f^^ 

device by the host device, and the battery level of the 
data collection device is of no consequence during such 
operations. 

If, however, at Block M low battery level Is not 
detected, then the system controller proceeds to Block 
Q. At Block Q, the system controller checks the output 
of bar code reader detect circuit 95 to determine 
whether a bar code reader is plugged into data-input 
communication port 83. If the system control receives 
bar code reader detect signal Aul ° O. then at Block R 
system controller writes "PLUG-IN READER" to charac- 
ter display 82. TTiereafler, the system controller returns 
to Block A, as shown. If the system controller receives 
Aul = 1 . indicative that a bar code reader is plugged into 
data-input communication port 83, then the system con- 
troller writes "READY TO READ" to character display 
82, as indicated at Block S. 

At Block T, the system controller polls both commu- 
nication driver (I.e. receiver) circuit 91 and keypad 81 fbr 
entry of data. If either of these system components indi- 
cate receipt of data to be stored (e.g. from a bar code 
reader or tiie keypad), then as indicated at Blocks U 
through V, tiie system controller uploads such data t>y 
first writing the data to character display 82, and then 
storing the data in RAM storage unit 99. Then, at Block 
the system controller determines whether RAM stor- 
age unit 99 is filled Id capacity. If it is, then at Block X the 
system controller writes "MEMORY FULL" to character 
display 82 and tiiereafter remains at Block Y until it 
receives host detect signal Aql = 1. indicative that a 
host device is connected to data-output communica- 
tions port 84 for downloading collected data tiiereto. If a 
host devtee is detected at the data-output communica- 
tions port 84. the system controller proceeds to Block C 
for participating in downloading of a collection data, in a 
manner described above. 

If. as indicated at Block W. the system controller 
determines that RAM storage unit 99 is not full, then the 
system controller returns to block T. at which it checks 
again for incoming data over either the receiving lines 
Rx2 of communication driver circuit 91 (i.e. bar code 
reader input) or from the keypad. H there is incoming 
data from eitiier of these system components, tiien the 
system controller proceeds to Blocks U and V fbr partic- 
ipating in data uploading, as described above. The sys- 
tem controller will follow this control loop provided that 
data is presented for collection and RAM storage unit 99 
has vacant memory storage space. 

If at Block T the system controller determines tiiat 
no data is being presented for collection, then at Btock Z 
it checks the battery power supply level of the battery 
supply unit 89. If a low battery level is detected, then the 
system controller proceeds to Blocks N, O and P 
described above. At these control blocks, power supply 
to data-input communication port 93 is disconnected in 
order to terminate power to the connected t»ar code 



re ading device, and the "LOVV BATTERJES" message is 
IwfiSeffiSS^^ 

level is not detected, then the system controller deter- 
ntines at Block AA whether any incoming data has been 
5 presented fbr collection (i.e. by data uploading) within a 
predetermined time period (e.g. 2 minutes). If no data 
has been presented for uploading, then as indicated at 
Block BB, the system controller "turns off" the con- 
nected bar code reader by disconnecting tiie supply of 
10 battery power to data-input communication port 83 by 
way of power switching circuit 93. Thereafter, as indi- 
cated at Bkxk CC. the s^em controller writes "HIT 
KEY TO READ" message to character display 82. Then 
at Block DD, the system controller polls ttie keypad fbr a 
15 key press operation. If any key is pressed, tiie system 
controller remains in a control loop between Blocks DD 
and EE and determines whether a».key^has ;:been^ 
"^ipfessed, or a host device has been connected to 'data-^ 
output communication port 84. If tiie system controller 
receives host detect signal Aql = 1 indicative that a host 
device is plugged into data-output communication port 
84, tiie system controller then proceeds to Block C, 
automatically enabling tiie data collection device for 
participation in the downloading of collected data. In a 
25 manner described above. 

In the event that the operator desires to clear RAM 
storage unit 99 of collected data, the operator must 
enter a preset code word or alphanumeric code by way 
of keypad 81. This feature prevents accidental erasure 
30 of collected data. 

Notably, tiie data collection device of the present 
invention does not require programming for data trans- 
fers. Instead, data uploading routines are programmed 
into data transmission circuit 19 of automatic bar code 
35 reading devkies 2 and 2'. On the otiier hand, data down- 
loading routines are programmed into the host data 
receiver. Preferably, tiiese downloading routines are 
designed to accept downloaded symbols and create an 
ASC1 1 file, invention, additional decision-making oper- 
40 ations may be provided to further enhance tiie capabili- 
ties of the system. 

While the particular illustrative embodiments shown 
and described above will be useful In many applications 
in code symbol reading, furtiier modifications to the 
45 present invention herein disclosed will occur to persons 
skilled in the art. All such modifications are deemed to 
be within the scope and spirit of the present invention 
defined by the appended claims. 

so Claims 

1 . A system (2) for reading code symbols having long- 
range and short-range modes of operation, said 
system comprising: 
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a housing (5); 

range mode selection means fbr selectively 
producing a short range mode activation signal 
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to induce said system into said short-range 
mode of operation and a long-range mode acti- 
vation signal to induce said system into said 
long-range mode of operation; 
light beam scanning means (11. 12), disposed 
within said housing (5) for scanning code sym- 
bols within a scan field defined externally to 
said housing (5) with a light beam produced 
from a light beam source (47), and for receiving 
at least a portion of said light beam reflected off 
said code symbols, and for automatically pro- 
dudng scan data indicative of the received light 
reflected off said code symbols: 
scan data processing means (15, 16) for 
processing said scan data in order to detect a 
code symbol and determine whether a 
detected code symbol is located in a short- 
range portion of said scan field-.prwin a long- 
range portion of said scan field, 
said scan data processing .rrieans (15. 16) 
automatically producing symbol character data 
representative of a code symbol in response to 
the production of said short-range mode activa- 
tion signal and the detection of a code symbol 
in tiie short-range portion of said scan field, 
said scan data processing means (15, 16) 
automatically producing symbol character data 
representative of a code symbol in response to 
the production of said long-range mode activa- 
tion signal and the detection of a code symbol 
in tiie long-range portion of said scan field; and 
control means (22) for automatically controlling 
tiie operation of said light beam scanning 
means (11.12) and said scan data processing 
means (15, 16) when said system (2) is 
induced in said short-range mode of operation 
and in said long-range mode of operation. 

2. The system of claim 1 , which further comprises: 



object detection means (10, 10A, 10B) dis- 
posed in said housing (5) for detecting the 
presence of an object bearing a code symbol in 
at least a portion of said scan field. 

3. The system of daim 1 or 2. which further com- 
prises: 

a support stand (57) for supporting said hous- 
ing (5). 

4. The system of claim 3, which further comprises: 

support stand detection means (20. 60), dis- 
posed in said housing (5) for detecting the 
placement of said housing (5) within said sup- 
port stand (57). 



5. TTie system of claim 4 wherein said support stand 
detection means (20, 60) is operably assodated 
witii said control means (22) for causing said range 
mode selection means to induce said system into 

5 either said short-range mode of operation or said 
long-range mode of operation. 

6. The system of claims 4 or 5, wherein said support 
stand detection means (20, 60) comprises means 

10 for detecting a magnetic field produced in the vidn- 
ity of said support stand (57). 

7. The system of any preceding claim, which furtiier 
comprises: 

15 

manually actuable means (21) operak>ly assod- 
ated witti saidJjousjjig^s^yfor. causing said 

cTv. range mode selection meae^to induce said 

system in eittier said short-range mode of 

20 operation or said long-range mode of opera- 

tion. 

8. The system of any preceding claim, wherein said 
scan data processing means (15. 16) comprises: 

25 

means for processing said scan data to pro- 
duce digital count data; 

means for analyzing said digital count data in 
order to determine whether said detected code 
30 symbol is located in said short-range portion of 

said scan field or in said long-range portion of 
said scan field. 

9. The system of any preceding claim, which furtiier 
35 comprises a data output port for transmitting said 

symbol character data to a portable collection 
device (3). 

10. The system of any preceding claim, wherein said 
jp 2scari date processjngjnean 1 6) fu rther com- 
prises first means for determining whetiiera'prede' 
termined mode-selecting code symbol has been 
decoded, said predetermined mode-selecting code 
symbol being indicative of a selection to induce said 

45 system in eitiier said short-range mode of operation 
or said long-range mode of operation. 

11. The system of claim 10, wherein said scan data 
processing means furtiier comprises: 

so 

second means, responsive to said first means, 
for causing said range mode selection means 
to produce either said short-range nxxJe acti- 
vation signal or said long-range mode activa- 
55 tion signal. 

12. A system (2) for reading code symbols having 
selectable first and second modes of operation, 
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said system compristng: 
a housing (5); 

mode selection means for inducing said sys- 
tem into either said first mode of operation or s 
said second mode of operation; 
light beam scanning means (11, 12), disposed 
within said housing (5) for scanning code sym- 
bols within a scan field defined externally to 
said housing (5) with a light beam produced io 
from a light beam source (47), and for receiving 
at least a portion of said light beam reflected off 
said code symbols, and for automatically pro- 
ducing scan data indicative of tiie received light 
reflected off said code symbols; is 
scan data processing means (15, 16) for 
- processing said scan data in order to detect a 
~~ code symbol and determine whetiier a 
detected code symbol is located in a first por- 
tion of said scan field or In a second portion of 20 
said scan field. 

said scan data processing means (15. 16) 
automatically producing symbol character data 
representative of a code symbol in response to 
the production of said first mode activation sig- 25 
nal and the detection of a code symbol In said 
first portion of said scan field, 
said scan data processing means (15, 16) 
automatically producing symbol character data 
representative of a code symbol in response to 30 
the production of said second mode activation 
signal and the detection of a code symbol in 
said second portion of said scan field; and 
control means (22) for automatically controlling 
the operation of said light beam scanning 3s 
means (11,12) and said scan data processing 
means (15, 16) when sad system (2) is 
induced in said first mode of operation and in 
said second mode of operation. 

40 

13. The system of claim 12, which further comprises: 

object detection means (10, 10A, 10B) dis- 
posed in said housing for detecting the pres- 
ence of an object bearing a code symbol in at 45 
least a portion of said scan field. 



14. The system of claim 12 or 13, which furtiier com- 
prises: 



port stand (57). 

16. The system of claim 15 wherein said support stand 
detection means (20, 60) is operably associated 
with said control means (22) for causing said mode 
selection means to induce said system into either 
said first mode of operation or said second mode of 
operation. 

17. The system of claims 15 or 16, wherein said sup- 
port stand detection means (20, 60) comprises 
means for detecting a magnetic field produced in 
tfie vicinity of said support stand (57). 

18. The system of any of claims 12 to17, which further 
comprises: 

' ^ manually actuafcile means (21 ) operably associ- 
ated witti said housing (5) for causing said 
-^"hiode selection means to induce said system in 
eitiier said first mode of operation or said sec- 
ond mode of operation. 

19. The system of any of claims 12 to 18, wherein said 
scan data processing means (15. 16) comprises: 

means for processing said scan data to pro- 
duce digital count data; 
means for analyzing said digital count data in 
order to determine whether said detected code 
symbol is located in said first portion of said 
scan field or in said second portion of said scan 
field. 

20. The system of any of claims 12 to 19, which further 
comprises a data output port for transmitting said 
symbol character data to a portable collection 
device (3). 

21. The system of any of claims 12 to 20, wherein said 
scan data processing means (15, 16) furtiier com- 
prises first means for determining whetiier a prede- 
termined mode-selecting code symbol has been 
decoded, said predetermined mode-selecting code 
symbol being indicative of a selection to induce said 
system in eittier said first mo6e of operation or said 
second mode of operation. 

22. TTie system of claim 21, wherein said scan data 
processing means further comprises: 

second means, responsive to said first means, 
for causing said mode selection means to pro- 
duce either said first mode activation signal or 
said second mode activation signal. 

23. A bar code symbol reading system (2) having a 
selectable mode of operation In which only a plural- 



50 

a support stand (57) for supporting said hous- 
ing (5). 

15. The system of claim 14, which furtiier comprises: 

55 

support stand detection means (20, 60), dis- 
posed in said housing (5), for detecting the 
placement of said housing [5) wittiin said sup- 
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Ity of consecutively different bar code symbols on 
one or more objects can be read, said system com- 
prising: 

a housing (5); 

light beam scanning means (11, 12), disposed 
within said housing (5) for scanning sequen- 
tially a light beam produced from a light beam 
source (47) across each one of a plurality of 
consecutively different bar code synMs on at 
least one object located within a scan field 
defined externally to said housing (5). and for 
receiving at least a portion of said light beam 
reflected off said plurality of bar code symbols, 
and for automatically producing scan data 
indicative of the received light reflected off said 
plurality of bar code symbols; 
, scan data processing means for processing- 
said scan data in order to sequentially detect 
and decode each one of a plurality of different 
bar code symbols: and 

control means (22) for automatically controlling 
the operation of said light beam scanning 
means (11, 12) and said scan data processing 
means so as to sequentially detect and decode 
each one of said plurality of consecutively dif- 
ferent bar code symbols as said plurality of 
consecutively different bar code symbols are 
being sequentially scanned by said light beam. 
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